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SPECIAL FEATURES 
Dungeness nuclear power station 
First details of the UK’s sixth commercial station 


UKAEA annual report 
NUCLEAR POWER summarizes the year’s activities 

The heavy water moderated spray cooled reactor 
Recent work on this system, which combines many of the advantages of 
boiling and steam-cooling, is described by Mr. J. G. Collier and Mr. 
P. M. C. Lacey of the AERE, Harwell 

Control of power reactors—2 
Mr. R. H. Campbell of the UKAEA concludes his study with an account 
of overall performance requirements 

Pressure vessel symposium at Glasgow University 

Medical Electronics Exhibition 


Nuclear merchant ship survey 
Mr. J. Spencer Burkett’s review of recent advances includes: a country by 
country survey of progress, economic studies, and designs 

Survey of radiation detectors—1 


In the first part of a comprehensive survey Mr. W. R. Loosemore of the 
AERE, Harwell, classifies gas ionization devices currently available in the UK 


Health physics instrumentation—5 


In his final article, Dr. D. Taylor examines the problems of data 
handling and processing 


Fuel element fabrication 
Mr. R. S. Sharpe reports on the recent [AEA symposium at Vienna 


NUCLEAR TECHNOLOGY 
Decanning of Marcoule fuel elements 
The installation for decanning the G2 and G3 fuel elements is described 
by Mr. G. Deleuze et al 
A gas-liquid analogue of nucleate boiling 


Mr. G. B. Wallis of the AEE, Winfrith, presents a case for the separate 
consideration of hydrodynamic and thermal aspects 
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Group VIII 


W.E.L extends Magnesium 


into the Nuclear scheme of things 


up 


There is nothing periodic 
about research at M.E.L, where work is constantly 
directed towards the advancement of magnesium— 
especially in the nuclear industry. 
Magnesium Elektron Limited are world-wide authorities 
on the technology of Magnesium. 
In collaboration with U.K.A.E.A 
they evolved MAGNOX. 
They have also originated some of 
the world’s finest ultra-light alloys. 
Their experience is available to all who wish 
to exploit the special advantages of Magnesium 
in nuclear engineering. 


Magnesium Elektron Limited 


Clifton Junction Manchester Swinton 2511 
London Office: 5 Charles II Street St. James’s SW1 
Magnesium Elektron, Inc. New York 20 USA 
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kanigen ‘head 


non-porous corrosion-resistant 


plate, gives complete uniform 









coverage even to the 


most intricately 





shaped parts. 
Thickness can be controlled 
to fine limits. Being chemically 
deposited Kanigen can 
be applied to 
practically all metals 


in commercial use. It can 





also be applied to 


non-conductors 


Approved under DTD 900/4505 and ARB A1/5112/57. Already widely used 
throughout industry including aircraft and nuclear applications. Kanigen 
is the registered trade mark of Albright & Wilson (Mfg) Ltd. 


For full information write to: 
ALBRIGHT & WILSON (MFG) LTD 


Kanigen Department (NP) 
1 KNIGHTSBRIDGE GREEN - LONDON SW1:- TEL KENSINGTON 3422 


vew/70h 
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FABRICATIONS for 


ALUMINIUM, ALUMINIUM 
ALLOYS, FULL RANGE of 
HEAP CRESIO TING SFEELS 
including the NIMONIC 
RANGE, SHOINLESS =S7E€€EL, 
TITANLUM, NICK Et LOW 
CARBON STEELS and 
ALtOy “Ss Bee 5S 

Manufactured to 
customers own specifications 
and witha HIGH. STANDARD 
of WELDING opproved by 
A.l.D.. ARB, ADMIRALTY and 
LLOYDS 


UNIVERSAL BOILERS AND ENGINEERING CO. LTD 


FULLEDGE WORKS — BURNLEY — LANCASHIRE = ENGLAND 
TELEPHONE: 3121/2 and 3203 Burnley (3 Lines) Grams: ‘UNIVERSAL’ Burnley 


Associated with BURNLEY AIRCRAFT PRODUCTS LTD Fulledge Works, Burnley Tel: 3121/2 
also Grosvenor St. Stoneyholme, Burnley Tel: 3184 and Britannia Works, Queensgate Burnley Tel: 4102 
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GRAPHITE 
MACHINING 


Powell Duffryn Carbon Products Ltd. 


are the official contractors 





to the General Electric Company 


for the machining of Nuclear Graphite. 





POWELL DUFFRYN CARBON PRODUCTS LTD., 
NUCLEAR GRAPHITE DIVISION 
Springfield Road, Hayes, Middlesex. Telephone Hayes 3994 
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Specially developed steels — for the nucleonics industry 


Colvilles pride themselves in being abreast of every development in the nuclear 
field. Their range of Special Steels has been developed to that purpose. 


DUCOL W.30 ABRAZO COLMO COLCLAD CORTEN COLTUF 


High Tensile Abrasion Creep Stainless High Strength Notch 

Weldable Resisting Resisting Nickel & Corrosion Tough 

Steel Steel Steel Monel Clad Resisting Steel 
Steels Steel 


COLVsa.ES 


FITNESS FOR PURPOSE STEELS 








COLVILLES LTD 195 West George Street Glasgow C.2 
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M&C Nuclear operator sets automated controls for welding zircaloy assembly. 


Available to You— U.S. A.’s Largest Commercial 


< ia 


Inert Atmosphere Welding Facility 


Our welding facilities were developed to aid us in the ever more precise manufacture of fuel 
element assemblies. These facilities plus our extensive experience are now available to 
all manufacturers whose products require special welding. 


Our nine welding boxes range in length from 14 feet to 22 feet . . . in diameter from 24 inches 
to 36 inches . .. and provide up to 15 feet travel. They can be evacuated to a vacuum of 

0.03 microns and back filled with either Helium or Argon. A mass spectrometer is used 

to assure control of gaseous impurities. 


In the interest of increased efficiency to minimize costs, we have developed special tooling, jigs 
and fixtures as well as instrumentation that allows automatic positioning and voltage control. 


Whatever your material — zirconium, zircaloy, tantalum, hafnium, titanium, 
in fact most exotic metals — we have, or can, weld it. 


In addition, we have facilities for atmosphere are and acetylene welding and brazing — 
for which we are a U.S. Navy qualified source. If you have a welding problem, 
let us help you solve it. 


TEXAS INSTRUMENTS 


INCORPORATED 


MES NUCLEAR,INCG. 


(A SUBSIDIARY?) 
P.O. BOX 898 + ATTLEBORO, MASSACHUSETTS, U.S.A. 





The World’s Largest Privately Owned Facility Designed Specifically for Fabrication-Development 
and Production of Fuel Elements, Core Components and Complete Cores. 
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¥ PERFORMANGE determines 
4 the C.E.G.B’s choice of 
_ WAKEFIELD-DICK LUBRICANTS 


‘NUCLEAR 
Nucleol is a range of oils and greases resistant to radiation. In the new 
nuclear power stations, Berkeley and Dungeness, Wakefield-Dick 
lubricants have been chosen to play a major part in the smooth- 
running generation of power. 





‘CONVENTIONAL oe , 
~ Wakefield-Dick lubricants have been the choice in electrical genera- 
tion since the beginning of the industry. The Central Electricity 
Generating Board has grown to depend on their unfailing reliability 
and true economy in use. The latest evidence of this fact is the choice 
. of Wakefield-Dick lubricants for the power stations Skelton Grange B, 
Uskmouth B and West Thurrock. 





WAKEFIELD-DICK INDUSTRIAL OILS LTD 
CASTROL HOUSE - MARYLEBONE ROAD - LONDON, NW14 
A Member of the Castro/ Group of Companies 
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“Complete welding 
installations 
"by LINCOLN 
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Jomprehensive service to 
meet your radiography and 
radiation source needs. 


The Budd Company maintains one 
of the largest commercial facilities 
to meet practically every industrial 
Budd is 
fully equipped to supply many types of 
radiation source, fabricated in any size and 


radiation requirement. 





NUCLEAR POWER August 1960 


configuration . . . containing several radioiso- 
topes available from a number of reactor 
stations. Furthermore, the engineering and 
scientific staff at Budd can supply irradiation , 
engineering consultation and complete irradi- 


ation facilities. 


Consult The Budd Company about your 
Contact The Budd 
Company representative at 49 Avenue Georges 
V, Paris 8°, France. 


wreauarona MD Mw _ 


radiation requirements. 
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RIGHT 
AT THE 
SHEART 


of things 















Westool is the name to remember for 
electric and electronic control gear. 
Westool units are right at the heart of many 
kinds of plant, in many varied industries. 
Whatever your particular needs, Westool 
can meet them—to your complete 
satisfaction— either to your own design 

or to theirs, as you prefer. 





Illustrated left : customer-designed relay panel for 
use in chemical plant, each relay has 
its own perspex cover. 


Anne 


oo 
stra eeese 


mn 


WESTOC 


Control Gear 


ST. HELEN'S AUCKLAND, CO. DURHAM 
Telephone: West Auckland 551(6lines) Telegrams: Solenoid, West Auckland. 
LONDON: 2 Ashley Place, Carlisle Place, London, S.W.1. Tel: ViCtoria 7301/2 
718.135 BIRMINGHAM: 7 Newhall Street, Birmingham, 3. Telephone: CENtral 3901 
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TOKAI-MURA 


At Tokai-Mura, 70 miles north-east of Tokyo, The General 
Electric Company Limited of England is to build Japan’s first 
nuclear power station. This 150 MW station will be powered 
by a single gas-cooled graphite-moderated reactor of the same 
basic type as the two which are being built by G.E.C. at 
Hunterston in Scotland. In producing a design to ensure the 
safety of the installation even under severe earthquake con- 
ditions, G.E.C. and her associate Simon-Carves Ltd., have 
brought to bear the results of much experimental work. For 
example, models of the pressure vessel mounted on a sup- 
porting skirt were subjected to horizontal loads such as would 
arise from earthquake shock. 

Unique protective devices will be provided capable of effec- 
tive operation even if the core should be severely damaged. 
In addition to the normal control rod system there is a unique 
arrangement of boron steel balls which would be released 
into the channels in the core by seismic pick-ups outside the 
station or by displacement of the pressure vessel, the core 


itself, the grid or various other critical parts of the reactor. 


&6.C ATOMIC ENERGY DIVISION 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND, ERITH, KENT 











AND SIMON-CARVES LTD 
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a metallurgical must for advanced materials development and 
production filling today's pressing needs for more precise interpretations of material structure - ADVANCED— 
produces high resolution of microstructure previously unattainable through standard techniques + UNIQUE— 
enables easy, simultaneous preparation of dissimilar materials not readily etched by conventional chemical or 
rsd (stoh Age lotalciaalior- 1 Me ccienalalieleict-me-10l ois Me-l- Miceli molelare(-leMUle-lallelssmuralcoelallelsammmalle) elie lssPmmar-lialielaapmmalicale(ceoler-]¢-1Me-lale mee) ey-1i¢ 
stainless steels - DEPENDABLE— Uniform, reproducible results in less time with a minimum of effort. Eliminates 
the guesswork - RUGGED—simple construction, thoroughly tested, designed for day-in, day-out trouble-free 
operation 


— 


nuclear materials and equipment corporation 


apollo, pennsylvania 
cable NUMEC - 


telephone GRover 2.8411 


304 Stainless Steel: origina 
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VERY ROBUST. Sealed 6” diameter in- 


strument, with measuring bulb in 


diameter stainless steel sheath. 
British and Foreign 
Patents Pending 






LOW COST. A practical and economic re- 
placement for filled systems and moving coil 
instruments — send for price list. 


TRANSISTORISED. rExceptional reliability 
with a printed circuit and robust motor 
driven indicating pointer. 12 volt battery or 
mains supply. 


EASILY FITTED. Simple clamp mounting 
with robust terminals. No fragile capillary 
tubes or expensive compensating cable — 
simple wiring only required. 


ACCURATE AND RAPID RESPONSE. 


Reproductibility better than 0°25% on 13” 


scale, response time 1 second. 
73 TEMPERATURE RANGES in -F ana ‘c 
for temperatures up to 850°C. 


%* UP TO 300 FT. SIMPLE WIRING 





ALSO... 


“BIKINI” CONTROLLER 

Differential 0°5°C. Includes similar 
features to the Bikini Indicator. 
Send for specification sheet BIK. 1 
































ALARM | MEASURING prestcnessepsire 
ty 
or BULB “BIKINI” INDICATOR/CONTROLLER 
POWER : CONTROL The Indicator can be supplied with an 
SUPPLY RELAY. adjustable control contact 
REMOTE INDICATION. for use with local or remote alarm 
The Indicator can be up to 300 feet away from the mea- or control relay. 
suring point with no effect on calibration and accuracy. 
yy yyyyyy/fyyj js UY ty tif YU) tify YY) 





Send for Specification Sheet BIK 2/NP and Price List. 


FIELDEN ELECTRONICS LTD - WYTHENSHAWE * MANCHESTER Phone: Wythenshawe 325! (4 lines) Grams: Humidity Manchester 


Indicating 
ALSO AUSTRALIA, ITALY AND CANADA Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH (A. R. BOLTON LTD) Recording 


Agents throughout the world 


AND DUBLIN. Control 
B3 
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Rio Algom Mines Limited, cANADA 

will amalgamate the four Canadian 
uranium mining companies under Rio 
Tinto’s management to form the largest 
uranium producing company in the 
world. 








Mary Kathleen Uranium Ltd, ausTRALIA 
managed by Rio Tinto in Australia, is 
now in full production and supplying 
uranium oxide for Britain’s nuclear 
power stations. 







Rio Tinto Dow Limited, caANADA 
Rio Tinto and the Dow Chemical 
Company of Canada are collaborating in 
uranium processing and producing 
thorium as a by-product of uranium. 








Rio Tinto, producers of 
uranium and thorium, 
will play an important 
part in the future 
industrial use of nuclear 
power through 


the following companues: 


Thorium Limited, UNITED KINGDOM 

owned by Rio Tinto and Dow Chemie A.G., 
processes crude thorium materials and markets 
a variety of refined thorium and rare earth 
compounds. 





Nukem-Nuklear-Chemie und-Metallurgie 
G.m.b.H., GERMANY 
has been formed by Deutsche Gold-und Silber- 
Scheideanstalt (Degussa), Rio Tinto and 
Mallinckrodt Chemical Works to manufacture 
nuclear fuel materials and fuel elements. 





Austro-Chematom Kernbrennstoff G.m.b.H., 
AUSTRIA 

formed by Osterreichische Stickstoffwerke A.G. 
in association with Rio Tinto and Degussa to 
manufacture nuclear fuel materials and fuel 
elements. 


Rio Tinto Management Services (U.K.) Limited 
BARRINGTON HOUSE, 59 GRESHAM STREET, LONDON, E.C.2 
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Shorts General Purpose Analogue Computor 

























The computor with the widest range of units 
J of 
{i} x 
nt 
lear 
nies. 
Bus 
ets 
rth 
% : 
aa 
@ In service throughout the world 
* i i i itch 
a Usear Funstion weeny @ Patching without cords 
an 
ture inti — @ Fast repetitive or continuous solution 
multiplier cosine @ Switch set coefficients and transfer functions 
ee 
Biessntiouces @ Units quickly interchangeable 
Time delay function @ Display, power supplies, and timing contained within console 
4.G. 
a to 
fuel Write for illustrated brochure and data sheets to: COMPUTOR SALES DEPARTMENT, SHORT BROTHERS AND HARLAND LIMITED 
East India House, 208a Regent Street, London, W.1 
ed 
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General Electric Invites You To Check Thase 
Pages For Facts About Irradiation Services 
And Reliable Nuclear Components 


This view of the General Electric Test Reactor shows the top of the reactor, the 
in-core loop facilities, the capsule lead tubes and the leads from the ion chambers. 


This is the 30,000 thermal kilowatt test reac- 
tor built and operated by General Electric. 
It is designed for irradiation testing of fuels, 
and other materials. 


20 


The G-E Test Reactor, a variety of technica 
services and years of nuclear experience are aj 
important parts of General Electric’s complete 
irradiation services in San Jose and Vailecites 


General Electric’s complete nuclear research 
facilities in San Jose and Vallecitos, California 
can provide integrated irradiation research and 
development services which range from basic and 
applied nuclear research programs to specific test. 
ing and development operations requiring special. 
ized experience and equipment. They are availabk 
to private industry and governments throughout 
the free world. 


G.E. is staffed and equipped to handle complete 
research programs from design, procuremer 
and preparation of assemblies for irradiation 
through irradiation in the General Electric Te 
Reactor (GETR) ; to post-irradiation examin 
tion and testing including analysis and reportin 
A variety of other technical services are availah 
to meet specialized customer requirements. 


Fuel development programs and irradiatio 
studies on materials and components for thé 
advancement of reactor technology can be ob 
tained without the expense of building a reactor 


For more information about how General Electt 
can handle your irradiation research — from st 
to finish — write for the free bulletin GEA-6 


a 


The G-E hot cell lathe station remotely performs G.E.’s technical services include this nucle 
cutting and turning on irradiated materials. A chemistry laboratory, a metallurgy 2 
large part of the laboratory is devoted to test ceramics lab, a physics lab, a nuclear criti 


cells and supporting operations. 


assembly, the GETR and other services. 
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General Electric experience and dependability are 
built into every Nuclear Reactor Control Rod Drive 


General Electric has developed, designed and built more than 25 types of control 
rod drive mechanisms for boiling water, pressurized water and sodium cooled 
nuclear reactors. You are assured of more dependability and greater versatility 
because of this unmatched experience and these 7 important features: 


@ Reliable Operation and Easy Mainte- 
nance. G-E drives utilize familiar indus- 
trial components so spare parts are not 
a problem. Moving parts are readily 


© Accurate Position Indication. G-E con- 
trol rod drives can be equipped with vari- 
ous types of position indication systems. 


© Quick Delivery Of G-E Standard Drives. 


hnica accessible, easy to assemble and maintain. > «peri dri Paar 
y of proven drives designed to 
are al @ Dependable Performance by Thorough meet most application needs save costly 
mplet a vane — eto si naa design and testing time. 
ave been completely tested and proven : : 
lecitas in service in operating nuclear reactors. - Aig wi Available. G-E 
i ‘ gned for automatic control. 
i «) Versatile Designs For Every Application. Complete servo systems and components 
search 4 Combinations of components can be varied are available. 
ifornia to meet requirements for speed, stroke, 
an par Fie. ce location. ae Compact @ Extensive Test Facilities. Facilities are 
, arrangement of G-E drives allows mount- available for customers who wish to make 
isle and ing on close centers, providing more effec- additional design tests on control rod 
fie test- tive control and flexibility in core design. drives for use on their own reactors. 
ae: For complete information of General Electric’s performance-proven line of 
agiied nuclear reactor control rod drives, send for the free bulletin GEA-6609. 
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GENERAL ELECTRIC OFFERS A COMPLETE LINE OF NUCLEAR INSTRUMENTS 
AND A FULL SCOPE OF SYSTEM-DESIGN SERVICES 





ts. 
idiatio 
for th STABLE MICROMICROAMMETER HIGH-VOLTAGE POWER SUPPLY LOG-N PERIOD AMPLIFIER LOG COUNT RATE METER WITH 
be ob features fast response and very —a precision instrument for provides accurate neutron flux PERIOD gives optimum reactor 
1 ; primary nuclear detectors. measurement. startup protection. 








reactor. 
| Electr 
‘om st 


EK A-6% 

















FLUX AMPLIFIER—for reliable con- 





LINEAR COUNT RATE METER pro- PREAMPLIFER is a small ampli- ACTUATOR AMPLIFIER supplies 
vides direct indication of nuclear fier for fission or proportional tinuous self-testing and automatic and controls current to safety 
pulses. counter pulses. substitution. magnets to shut down reactor. 















Send for free bulletin GEA-7006 on nuclear instruments and system design services. 


General Electric leads the way to greater progress in the nuclear field, whether 
it’s for irradiation services, nuclear components or a complete power reactor 
such as the 180,000 kw Dresden Power Station now in operation near Chicago. 
For the free bulletins listed above, or for further information about nuclear 
equipment to meet your needs, write: International General Electric Co., 
Dept. 30-11, 150 East 42nd Street, New York 17, N.Y., U.S.A. 


GENERAL @@ ELECTRIC 


—U.S.A.— 





this nucle? 
wlurgy am 
clear critic 
services. 
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Beaver ball splines, over 90% efficient, 
operate at -55°C to 450°C and over... 


RECIRCULATING BALLS IN SPLINED SLEEVE 





DEFLECTOR FINGER 
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AXIAL RACEWAYS ON SHAFT 


..- ANOTHER 


ENGINEERING ADVANCE 
FROM BRISTOL SIDDELEY 


Bristol Siddeley Engines Limited produce Beaver* ball 
splines. These ball splines achieve a minimum efficiency of 
90% and they can operate within a temperature range of 
—55° C to over 450° C. 

Machined and ground to the highest standards of pre- 
cision, Beaver ball splines are much more efficient in 
operation than conventional splines. They substitute a 
recirculating stream of precision-ground balls, rolling 
along specially contoured grooves, for the solid key and 
keyway. This arrangement reduces friction to a minimum 
when the spline assembly is subjected to linear, torque 
and bending loads. It also gives optimum smoothness and 
a very fine degree of positioning accuracy. When compared 
to conventional spline mechanisms, Beaver ball splines 
require a much smaller power source; previde a predict- 
able operating life; need much less maintenance; and give 
long trouble-free operation. 


Basic design application analysis 


Bristol Siddeley engineers make an exhaustive analysis of 
each specification and each unit is specially designed for 
its particular application. For Beaver splines can be made 


| 





with angular pre-loading, with multiple circuits, and with 
telescopic extensions. Beaver splines have been proved as 
the most efficient method of minimising friction when 
high torsional and bending loads are imposed during 
linear movement in many engineering applications. They 
have been designed already with rated operating torque 
capacities of 50,000 lb/in (200,000 lb/in maximum static 
torque) but the maximum potential operating torque is, 
in most cases, limited only by the requirement. 





Bristol Siddeley Beaver bali screws 
reduce the power required for actuation by as 
much as 80%. By eliminating backlash, with 
pre-loading, they give precise control over very 
small increments of motion when converting 
rotary drive into linear output. 











*Complete technical and manufacturing co-operation with Beaver 
Precision Products Inc, Detroit. 

For further information please write to J. B. Starky, Sales 
Manager, (Beaver Products Division), Bristol Siddeley 
Engines Limited, PO Box 17, Coventry, England. 














BRISTOL SIDDELEY ENGINES LIMITED 
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HEAD WRIGHTSON 


Head Wrightson are one of the most experienced companies in the 
world’s nuclear equipment market. 

In the Active Material Handling field alone, they have engineered 
well over thirty flasks for the Atomic Energy Authorities in the 
United Kingdom, Denmark, Germany and Australia. Head Wrightson 
have also worked with the Swedish Authorities. 

Head Wrightson offer their experience for the engineering of 

Active Material Handling Flasks for any reactor or nuclear energy 
project. Consuit them now. 


active 
material 
handling 
flasks 








HEAD WRIGHTSON PROCESSES LTD 
NUCLEAR EQUIPMENT DIVISION 


London Sales Office: 20-24 OLD STREET EC1 And at: THE FRIARAGE YARM-ON-TEES YORKS 
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Over a Ton 


of Aluminium Alloy 
spun to 


lO ft. ijd x Li 


One of a number produced ter 


Ii 


pressure vessels to hold liquid air, 
this 10 ft. aluminium end was spun 
by Harveys on the Rotarpress. The 


12 ft. flat discs needed for spinning 





these ends, which are believed to 
be the largest spun aluminium 
ends produced in this country, 
were formed by butt-welding two 


plates of aluminium alloy together. 





a 
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a 
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The Rotarpress is one of the large-capacity units in 
Harveys Heavy Fabrication Department. It produces fae } 
ends up to 15 ft. diameter and is adaptable over a wide j 
range of knuckle radii and depths. 

The contours of semi-ellipsoidal ends produced by the 
spinning process enable plate thickness to be reduced, 
and in most cases tool costs are eliminated. Enquiries 
are invited for ends only or for complete 
FABRICATION OF PRESSURE VESSELS. 


—— 4 





G. A. HARVEY & CO. (LONDON) LTD. 


Woolwich Road, London, S.E.7. GREenwich 3232 (22 lines) 
Other Harvey facilities: FABRICATIONS UP TO 120 TONS IN ONE 
PIECE - HEAVY MACHINING AND FITTING - HEAT TREATMENT AND 


RADIOGRAPHY * STEEL PLATE AND SHEET METALWORK * PERFORATED 
METALS - WOVEN WIRE - WIREWORK Hel? 
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Regd Trade Mark 
ALUMINOUS CEMENT 








For 


HEAT-RESISTANT CONCRETE 


WITH SPECIAL PROPERTIES 
: FOR SPECIAL PROBLEMS 


“ 


8 

0 

- Exceptional cold strength at 24 hours and permanent residual strength 
’, for structural purposes at elevated temperatures. 

- Great thermal shock resistance. 


Volume stability at temperature. 
Low thermal conductivity. 


Highly resistant to chemical attack. 


Shielding action at elevated temperatures due to high proportion 





of combined water. 


(*Temperature limit up to 1350°C, dependent on type of heat-resistant 
aggregate employed !) 


Our Technical Dept. is entirely at your disposal 


| for further specific information 


gue, 6 FOR SPEED—STRENGTH 


IMENT! 


For operating temperatures up to 1800°C, or 


FUND ‘rade : 
ALU MINOUS CEMENT REFRACTORINESS 


0 N D U RESISTANCE when a refractory resistant to reducing conditions 


is required, use Super-Duty Refractory Concretes 





made with SECAR 250, a pure white calcium- 


Manufactured by aluminate cement, free from iron oxides. 
LAFARGE ALUMINOUS CEMENT COMPANY LTD Write for details. 
73, Brook Street, London, W.1 Tel: MAY 8546 
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Greater safety for hand 














TRIUMPHS OF SHELL RESEARCH 


With new Shell Dromus Oils 


Most modern soluble cutting oils contain phenolic 
compounds used as coupling agents between the 
oil and the emulsifier, for better blending and 
easier mixing. These phenolic compounds can 
cause skin irritation, especially where modern 
high-speed machines are used and the emulsion 
can concentrate, through the evaporation of water, 
above the safety level. 

Shell research chemists have been working on 
this problem, which has been causing some con- 
cern to Management. After considerable research, 
Shell Dromus Oils have been reformulated and 
these new cutting oils now produce bland emul- 
sions, which considerably reduce the risk of skin 
trouble to operators. 

Thereal difficulty was to find a newcouplingagent 
toreplace the phenoliccompounds, and Shell finally 
used what their chemists know as a higher fatty 


The Research Story 


alcoholcomplex. Thissolvedoneproblem, butpres- 
ented another. The new coupling agent was volatile 
at the high temperatures normally used in blending 
processes. Further research found a solution to this 
problem by designing and installing new plant. 

The new Dromus Oils are every bit as efficient as 
before and cost no more. They put Management 
in the welcome position of being able to minimise 
working hazards at noextracost. And machine men 
need no longer be so worried about skin troubles. 

The moral of the story is that Shell research is 
supremely applicational. The centre at Thornton 
is always ready to work with even the most 
specialised sectors of industry to produce the 
right oil for the job. If you and your organization 
have any major lubricating problems, it pays to 
get in touch with your local supplier of Shell 
Industrial Lubricants. 


Shell chemists in the U.K., in Holland and in the U.S.A., prepared 
and examined hundreds of experimental soluble oils, and established 
that certain combinations of fatty alcohols could be used in place of 
phenolic compounds with no loss of efficiency. They set to work to 
discover the best combination and developed a higher fatty alcohol 
complex which fitted exactly. Then they realised that to blend this new 
coupling agent into soluble oils would require special plant and new 
blending techniques. 

Exhaustive testing of blend stability, emulsion stability, anti- 
corrosion and machining properties led to selection of the most 
promising blends. A pilot plant was set up to produce batches of 
these for use in field trials. 

This field testing and final development proceeded for two years 
whilst production plants were erected at points so chosen as to give the 
most economical and rapid delivery throughout the United Kingdom. 


This is the blending kettle. The 
reflux condenser beside the stirrer 
motor prevents the loss oe con- 
stituents volatile at the blending 
temperature. 


new DROMUS SOLUBLE CUTTING OILS 


another proof of Shell leadership in lubrication 
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| On this scale are equal weights of Spencer’s new fused Spencer fused UO: is considered a major breakthrough 
uranium dioxide (left) and old-type ceramic uranium in the economical fabrication of fuel element core 
| dioxide. Because of its high density and great purity, material. 


New Crystalline Nuclear Fuel Materials 





Be the ever increasing efforts of American indus- 
try to attain economically competitive electrical 
power from nuclear fuels, considerable attention 
has been focused upon fuel fabrication costs. 

‘ 

After concentrated research and development in 
this area, Spencer Chemical Company is proud to 
announce its new family of crystalline fuel ma- 
terials that can be fabricated by simple and in- 
expensive techniques. 


The new Spencer fused UO: was one of the fuels 
selected by the Hanford Works of the U. S. AEC, 
operated by the General Electric Company. 


Recently in the United States—United Kingdom 
exchange of information under the Libby-Cockroft 
agreement, Hanford reported: 


“A 6,000 Ib. lot of arc-fused UO, was re- 
ceived from Spencer Chemical Company. The 
material meets our rigid specifications for 


| Spencer Chemical Company Announces 
| 


purity and density. This amounts to a signifi- 
cant break-through in the preparation of fuel 
element core material. The UO, will be fabri- 
cated into both swaged and vibrationally 
compacted PRTR (Plutonium Recycle Test 
Reactor) fuel rods.” 


Initial irradiation tests indicate that the quality 
of the nuclear fuel will increase while the costs 
of fabrication are lowered. 


Crystalline fuel materials currently available are: 
Uranium Dioxide (UO.) 

Thorium Dioxide (ThO.) 

Urania-Thoria in solid solution (UO.-ThO.) 
Triuranium Octoxide. (U:0O.) 

Uranium Monocarbide (UC) 

Uranium Dicarbide (UC-:) 

For more detailed information on Spencer’s new 


crystalline nuclear fuel materials, contact Spencer 
Nuclear Fuels Department at address below. 





SPENCER NUCLEAR FUELS 


Produced by 


SPENCER) Spencer Chemical Company 


‘ee naam < _ America’s Growing Name In Chemicals 


General Offices: Dwight Building, Kansas City 5, Missouri, U.S.A. 
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Gas bearing pumps— 





... ANOTHER 





One of the largest manufacturers of motive power 
units in the world, Bristol Siddeley Engines Limited 
% produce gas bearing pumps. The range covers a wide 
e performance capacity and will pump liquids up to 


700° C with a power input from fractional to 30 hp. 

Bristol Siddeley gas bearing pumps have been de- 
signed specifically for systems where the contamination 
of liquids by lubricants or the atmosphere cannot be 
tolerated. Each unit, fitted with self-acting gas bear- 
ings, is totally enclosed and no seals are required 
between the impeller and the bearings. 

Gas bearings have several great advantages over 
oil lubricated bearings: the load-carrying capacity 
increases with speed, temperature and pressure; the 
bearings are supported on a film of chemically pure 
gas contained within the system, so there is no metal- 
to-metal contact under operating conditions, and 


wear and maintenance are reduced to an absolute 
minimum. 


Widest experience—greatest range 


Bristol Siddeley gas bearings were developed origin- 
ally to meet the extremely fine limits of operating 
purity and precision of nuclear engineering. But gas 
bearings have many other applications where a rotat- 
ing shaft must be supported in such a way that no 
contamination and leakage can be allowed and 
where the supply of chemically pure fluids or gases is 
essential: inthe textile, chemical engineering, pharma- 
ceutical, food storage and processing industries, 
to name but a few. Bristol Siddeley produce a wider 
range of gas bearings than any other manufacturer 
and have the greatest experience in their design and 
application. 





i io: 
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totally enclosed, gas lubricated—for liquids 


up to 700°C, without contamination ... 












WATER 
COOLING 





i. STATOR WINDING 
ROTOR 


GAS BEARING 





WATER 
gi(—] COOLING 








LIQUID 
IMPELLER 


LIQUID © 
INLET 











For further information about Bristol Siddeley gas 
bearing pumps and gas compressors, please write to 
H. J. Prince, Sales Manager, Reactor Components 
Division, Bristol Siddeley Engines Limited, PO Box 17 
Coventry, England. 


BRISTOL SIDDELEY ENGINES LIMITED 
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Rocol Anti-scuffing Products provide the best means of applying 
Molybdenum Disulphide — the most advanced lubricant known to 
engineering science — to all rubbing surfaces. 


ANTI-SCUFFING PASTE. In paste form for general 
purpose use. 


ANTI-SCUFFING OIL. For reinforcement of all lubricating oils. 


ANTI-SCUFFING SPRAY. In aerosol form — containing 
bonding resin. 


Our Technical Information Service will provide any further information 
you may require about these and other Rocol Molybdenised Lubricants. 





Rocol 
MOLYBDENISED LUBRICANTS 


ROCOL LIMITED 
GENERAL BUILDINGS - ALDWYCH - LONDON, W.C.2. Tel: HOLborn 1985, 
ROCOL HOUSE * SWILLINGTON - LEEDS - Tel: Garforth 2261. 


@Hi07exa 
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These features of LABOUR 
| pumps ensure the ability 

to handle dirty liquids 

and liquids entrained with : te 
7 gases or vapours; enable : 3 

pumps to handle aN 

all types of liquids, Z . 
2 effluents and slurries. = ; Ad \ : 
n . ee LABOUR 

= vy 
5. 
The most non-critical pumps in the world 
originators of the first 
A practical self-priming pump 
BRITISH LaBOUR PUMP CO LTD 
Blundell St London N7 Telephone: North 6601-5 Grams: Laboupump London oni 

xa 
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What is your climate like? 


A recent enquiry (survey would be too grand a word for 
it) carried out by our editorial department found that an 
increasing number of readers were subscribing at the 
reduced Group* rate and taking a personal copy of Nuclear 
Power. 


This, from our point of view, is splendid, for above every- 





thing we want to be thoroughly read. 
But then a snag appeared. Reports from youngish readers 


frequently mentioned that although home reading was an 





improvement on snippets snatched from the office circula- 
tion copy during lunch, there were certain distractions to 
be reckoned with. 


There is in our experience only one answer to this. One 





evening should be set firmly aside. 

We are not seriously suggesting that Wednesday night 
should be Nuclear Power night. But since up-to-date infor- 
mation is vital to career-building, an occasional strictly- 


reserved-for-reading session is surely justified. 






*For details of the Group rate reduction tick and post the 


card opposite page §9. 
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“Fat NEWTHERM i an tect.) 


| NEWTHERM Calcium Silicate insulation manufactured solely by NEWALLS 





is the most versatile material you can use for application up to 1400°F. 
4 Try it. Put a sample section or slab on part of your plant and prove for 
NS yourself its outstanding ability to withstand impact and water damage. 











Weight - for - weight, NEWTHERM 
compares favourably with many 


LIGHTNESS 


materials far inferior in thermal efficiency and strength. 





This light weight is evidenced in the handleability of 
NEWTHER\M, which even in the largest sections can 





easily be carried in one hand. 


i ah! 
WW MOISTURE RESISTANCE 


strength remains largely unimpaired. Nor does it become 
deformed when in contact with moisture, thus work-in-pro- 
gress need not becovered. Wherever damp or humid cond- 
itions pertain, NEWTHERM is the logical material to use. 


S aa TH Of major advantage on remote sites, 


NEWTHERM is unusually strong and 


rigid, and can withstand rough handling in transit 
















Youcan immerse 
NEWTHERM 
in water and its 





and erection. In the case of vulnerable large-diameter 


sections, the hard surface offers excellent protection. 


E S / A PPI | Ch | () N Supplied in pre-formed 


sections and slabs, 
NEWTHERM is available in a wide range of standard 
sizes (and alsoas plastic). The smooth surface and straight 


_ 


Se 


edges permit easy and speedy fitting, with minimum 


, 


joints and neat finish. 






Ste , 
~ . 
_ ~ ® 
ee 
* 


cme 


NEWALLS INSULATION CO. LTD. 


Head Office: WASHINGTON, CO. DURHAM, ENGLAND. 
A member of the TURNER & NEWALL ORGANISATION 
Offices & Depots at: LONDON, GLASGOW, MANCHESTER, NEWCASTLE 
UPON TYNE, BIRMINGHAM, BELFAST, DUBLIN, BRISTOL & CARDIFF. 


Agents and Vendors in most markets abroad. 


Please ask for your copy of the NEWTHERM booklet. Packed with information on 


limiting temperatures, thermal conductivity, compressive strength, applicational details, 
etc., it’s a must for your bookshelf. Copies available from sole manufacturers—NEWALLS 
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A Vital contribution to Atomic Power... 
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CALDER HALL 


Photo by courtesy U.K. Atomic Energy Authority 


With the advancement of Atomic 
Power, cables must play an important 
part in the efficiency and reliability 
in the production of Nuclear Energy. 
Only the best is good enough and Wandleside 


Cables are eminently suitable. 


CABLES | for Nuclear Energy 











WANDLESIDE CABLE WORKS LTD. 106 GARRATT LANE WANDSWORTH LONDON, S.W.18 
One of FALKS Group Telephone: VANdyke 7544 (5 lines) Telegrams: Wandleside, london 
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‘Pinboard Programming’ 





36 


new style data processing 
using Honeywell digital potentiometer 


WRITE OR SEND THE COUPON TODAY 
Honeywell Controls Limited 

Ruislip Road East, Greenford 
Middlesex. Waxlow 2333 


I am interested in using the new Honeywell logger- 
scanner for 
Please send me— 
Spec. Sheet SS306-1 

(60 point temperature logging system 
Spec. Sheet $S312-1 

120 point general purpose log-scan system) 
Name 


Position 


Address 


NP 


Sales Offices in the principal towns and cities in 
the United Kingdom and throughout the world. 
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Here’s a new Data Processing system for logging and 
scanning using the Honeywell Digital Potentiometer with 
a unique feature—Pinboard Programming. 

its Purpose is to give easy operator adjustments 

whilst it monitors and logs many variables, such as 
temperature, pressure and speed,to an accuracy of 0:1%. 
Drawer-mounted Pinboards do more than save space. 
They add an easy flexibility to the adjustments of span, 
zero suppression and alarm limit settings. Only a 

simple re-positioning of pins is required to 

change these functions. A comprehensive pinboard 
programming data system has recently been completed 
for R.A.E., Farnborough. 

Ease of Operation, simple maintenance and continuous 
checks are built-in advantages of the Honeywell system. 
It is suitable for research, pilot plants and general 
industrial use, and may also be used to supply information 
to computers. Annunciator panels, linearisation circuits 
and other features are available. 


Honeywell 
iH) Fout in Control 


SINCE 18865 
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sure shield... 


in nuclear engineering 





WHY is lead so widely and 
successfully used as 

a shielding material 

for protection 

against gamma rays? 




















BECAUSE it can 
easily be cast 
or fabricated 
into complex 
shapes. 
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KN TPHOVEN 


ENTHOVEN have 150 years’ 
experience in the smelting and 
refining of non-ferrous 

metals and an unrivalled record 
in research and development. 
From Enthoven you 

can rely on getting not 

only lead of the high degree 

of purity required 

but expert collaboration 

in solving your nuclear 


engineering problems. 






SMELTERS AT ROTHERHITHE, LONDON 
AND DARLEY DALE, DERBYSHIRE 
H. J. ENTHOVEN & SONS LTD. 


Head Office: Dominion Buildings, 
South Place, London, E.C.2. 


Telephone: MONarch 0391 
Grams: Enthoven Phone London 
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PNEUTOMATION | 








power o 
in its place 


Power delivered economically 
and accurately to the 

place where you need it — 
that is the function of Lang 
Pneumatic Control equipment. 
It can be used to control 

any processes or sequence 

of processes; with Lang 
Pneutomation in charge, 
production rises and quality of 


output is maintained. 


Lang Pneumatic Control equipment 
ts available “‘off the shelf” for 


inexpensive installation. Plan with 








Lang Pneumatic for efficient production. 


PNEUTOMATION CANNOT FORGET 
PNEUTOMATION — 
ENERGY UNDER CONTROL ™ 


Says Mr. Squinch: 
If work is slow—and your 
production’s static 


No need to fish around for clues, 
Just write to Lang Pneumatic. 


Write to: 


Lang Paevmatic Ltd 


(ASSREIIFO WITH DESOUTTER BROS> WONRINGS» pe a a meer 
Se x pare 


OWEN ROAD - WOLVERHAMPTON Tel: Wolverhampton 25221-2-3-4 
©" ©) Telex No. 33193» 
2” =p 





— 





P.3640 
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Many aspects 
—many uses 



















































DURALUMIN 


SZ 
GIVE FOR 
THOSE WHO 

GAVE 














Many qualities in addition to lightness 
and strength make aluminium an important 
metal in nuclear progress. 

Its uses include rod cladding, heavy 

water tanks, cooling tubes surrounding 
fuel rods, glove boxes, thimbles for 
radiation experiments, cyclotron windings 
and enriched uranium-aluminium alloys. 
James Booth supply high-quality 
aluminium and aluminium alloys in a 
wide range of wrought forms for 

nuclear applications. 


JAMES BOOTH ALUMINIUM LIMITED 


KITTS GREEN, BIRMINGHAM 33. Tel: Stechford 4020 


EXTRUSIONS, LARGE FORGINGS, PLATE, SHEET, STRIP AND TUBES IN LIGHT ALLOYS 
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LIGHT ALLOY 
PIPEWORK 


Marston's offer 

a full range 

of pipes and fittings 
from 1” to 24” N.P.S. 


MARSTON 
| —> god 3 ited. ; 
LIMITED 


(A subsidiary Company of 
Imperial Chemical Industries Ltd.) 


Fordhouses, Wolverhampton 


MAR290 
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ELLIOTT 


nucleonics 


LIMITED 


What means to 






the nuclear engineer 


i 
| 
| 
































REACTOR CONTROL 
INSTRUMENTATION 





HEALTH MONITORING 
EQUIPMENT AND 
ADVISORY SERVICE 


Elliott Nucleonics Ltd., offers to the Nuclear Engineer a 
complete instrument and system engineering facility. 
Examples of this Company’s work may be seen at all of the civil 





CONTROL ROD 


MECHANISMS Nuclear Power Stations under construction in this country, and 
have included such contracts as the REACTOR SIMULATOR, 
PROCESS CONTROL designed and manufactured for the Central Electrical Generating 
INSTRUMENTS Board, now installed at Berkeley Power Station and the complete 
instrumentation of the NEPTUNE Zero Energy Reactor at 


DATA HANDLING 
AND COMPUTING 


‘Harwell. 
We are actively engaged on the development of control instru- 


ee mentation for the ““DREADNOUGHT” project, the Control Rod 

REACTOR ANALOGUE Mechanisms for A.G.R. Flux Scanning equipment for HERO 

COMPUTERS AND and also for the TRAWSFYNYDD Nuclear Power Station. 

SIMULATORS An example of the Company’s forward thinking policy was 
the introduction recently of a complete range of Transistorised 

FLUX SCANNING Reactor Control Instruments. 

EQUIPMENT 


ELLIOTT NUCLEONICS CAN HELP YOU 







ELLIOTT 


nucleonics 


LIMITED 


Century Works, London S.E.13 Telephone: TiDeway 1271 
Ey A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 


EN2 


290 
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Reproduction of 16th century Dutch Print 
by Amman, illustrating. the craft of the 
Knife-Grinder. (Copyright, Radio Times— 
Hulton Picture Library). 
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our 
trade is 


STEELY! 


Not only mild steel for everyday use but also the 
special steels demanded by the Nuclear Age. . . for 
example we produced the special steel plates for the 
reactor vessels at Calder Hall, Chapelcross and 
Bradwell, and we are now supplying plates for the 
nuclear power station reactor at Latina, Italy. 


a An interesting booklet ‘Steels for the Job’’, just 


published by us, describes some of our newer products. 
We shall be delighted to send you a copy. 










YOU SHOULD HAVE 


Our Technical and Research Department will also welcome 
THIS BOOK. 


enquiries from any whose problem is... STEEL 


CONSETT IRON COMPANY LIMITED, CONSETT, COUNTY DURHAM 


Telephone: Consett 341 (12 lines) Telegrams: Steel Phone Consett 
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BATTERY SPACE 


REDUCED BY HALF 


WITH THE NEW TUDOR 
HIGH PERFORMANCE 
STATIONARY CELL 


Savings of up to 50% in the space required for a 
stationary battery are made with the introduction of a 
new Tudor cell. A high performance sealed cell with 
Planté positive plates and pasted grid negative plates, 
separated by ribbed diaphragms of microporous Porvic, 
it is specially designed for trickle-charge operation. 

It is therefore the ideal cell for all stand-by applications, 
including emergency lighting in hospitals, cinemas, 
theatres and public buildings of all kinds, and auxiliary 
duties in both nuclear and conventional power stations. 
The design of the cell results in a lower internal 
resistance and therefore provides a very much improved 
high rate performance, making it eminently suitable for 
switch-operating duties where high rates of discharge 
are involved. 


With the great reduction of space required, and the 

renowned reliability and long life of its predecessors, 
this new Tudor high performance cell marks a great 
step forward in stationary battery design. 


THE IMPROVED 
SAFETYLYTE EMERGENCY 
LIGHTING EQUIPMENT 


Tudor Safetylyte equipments are now being 

fitted with the new stationary cell. Charge and 

control cubicles are of improved design — the 

larger equipments being of folded sheet steel, 

and the smaller specially constructed for wall- 

mounting, employing automatic mercury relay 
"in place of a contactor. 

















OLD 


WY) 






















The new battery packs 
the same amount of 
electrical capacity into 
approximately half the 
space previously re- 
quired; it is available in 
a wide range of capaci- 
ties up to 400 Ah. 


Vv 


The old battery is at 
present in constant use 
in thousands of install- 
ations. Only thorough 
and extensive research 
and testing has enabled 
it to be reduced to up io 
one-half its original size. 


A 
U, 
W 


THE NEW 
SWITCH-TRIPPING 
EQUIPMENT 


Tudor switch-tripping units will in future be 
fitted with the new cell. The cubicles have also 
been redesigned, and are available in folded 
sheet steel or wooden cabinet construction. The 
charger can now be used for toth trickle and 
quick charging. 


WiluUa Wa 





T 173A 


EG TUDOR BATTERIES 


THE D.P. BATTERY CO. LTD, MAKERS OF KATHANODE AND TUDOR BATTERIES, BAKEWELL, DERBYSHIRE. TEL BAKEWELL 581-5 
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HIGH EFFICIENCY 
PIPE INSULATION DATA 







MINUS 400° F 
to PLUS |500° F 


 §TILAG 


| PREFORMED MINERAL WOOL PIPE INSULATING SECTIONS 


Technical Data Leaflet No. 7 contains useful tables of recommended thicknesses of STILAG insulation for various 
pipe sizes over a range of temperatures together with relevant ‘K’ values, heat losses and surface temperatures. 
Please send the coupon for your copy. 














ti STILLITE PRODUCTS LTD. 15 Whitehall, London, S.W.1 
Please send me Technical Data Leaflet No. 7. 
NAME 
| ADDRESS Regd. Trade Mark 
STILLITE PRODUCTS LTD. 
h thi P 15 Whitehall, London, S.W.1. Tel: WHitehall 0922/7 
! as just attach this coupon to peat SENS. Nuclear Power 231 St. Vincent Street, Glasgow, C.2. Tel: Central 4292 
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<@j> MONITORS 


FOR BENGH 
OR FIELD USE 





a al 





TYPE 1021B 


SAFEGUARDS against contamination 


TRACES radio-active material in chemical 
analytic processes 


@ MEASURES radio-active material in chemical 





Designed in conjunction with A.E.R.E. Harwell, 
this instrument is probably the most widely used 
- “ general purpose monitor in the world. It has been 
PROVED by years of user experience to be the most 

TYPE 255 accurate and reliable equipment of its type. The 
Radiation Monitor consists of a mains operated In- 
dicator Unit together with a Beta Gamma or Alpha 


@ PORTABLE 


ee battery operated, weighs only 16 Ibs with Probe Unit. Indication is provided visually by means 
. of a meter which is calibrated in counts per second, 
@ ACCURATE and audibly by means of a loudspeaker. A socket on 
Laboratory accuracy under field conditions. Accuracy the front panel is also provided to enable the output 
of measurement generally better than + 2-5%, which is to be fed to a scaling unit. 


not affected by falling battery voltage 


@® VERSATILE 
Wide range of probes and accessories available, in- 
cluding Alpha, Beta Gamma, End Window and Liquid 
sample probes, a Sample Holder and a Lead Castle. A AND A SCALER 
stout leather case is available for carrying the probes. 


WRITE FOR DESCRIPTIVE LEAFLET No. 177B FOR THE 


. LABORATORY 


WRITE FOR DESCRIPTIVE LEAFLET No, 26D 











@ Provides comprehensive scaling facilities for all types of 
Geiger Scintillation Counters 





@ Incorporates stabilised E.H.T. Supplies 
@ Fitted with automatic timing control 
@ Designed and developed in conjunction with 
U.K.A.E.R.E. 
GENERAL PURPOSE COUNTER TYPE 1339A WRITE FOR DESCRIPTIVE LEAFLET No. 185 





A mmec Instruments for the Nucleonic Age 


AIRMEC LIMITED - HIGH WYCOMBE °- BUCKS © Tel: High Wycombe 2501-7 
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CHAPELCROSS 


8 Boiler Feed Units each rated for an output 
of 650,000 Ibs./hr. for Chapelcross. 


DOUNREAY 


3 Vertical Cooling Water Pumps each rated for an 
output of 6,925 gals./min. against a total head from 
all causes of 93 ft. 

| Vertical Auxiliary Pump to deliver 1,670 gals./min. 
against a total head of 89 ft. 


WINFRITH HEATH 


6 motor driven multi-stage highlift pumps for special 
circulating duties and rated for outputs of 250/650 
gals./hr. against heads of 500/530 ft. 


WINDSCALE 


3 Vertical Cooling Water Pumps each rated for an out- 
put of 13,600 gals./min. against a total head of 71°5 ft. 


SEES SS a ae 
SULZER BROS. (LONDON) LTD. 


Incorporating Hathorn Davey & Co. Ltd. 


31 Bedford Square, London, W.C.1 
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RELIABLE PERFORMANCE 


demands 


STG components 


The standard of reliability of STC components is set by the vital 
roles of the navigation and communications equipments in 
which many of them are used. The consequent employment of 
top grade materials and high degrees of skill and care in 
manufacture ensures that all users of STC components 

may have the fullest confidence in them. 








You CAN RELY ON STC COMPONENTS 


Brimar Teletubes Germanium Photocells Selenium Rectifiers - Silicon 
Brimar Valves - Brimistors Hermetic Seals - High Rectifiers - Silistors 
Capacitors - Contact Cooled Stability Resistors - Magnetic Suppressors - Transistors 
Rectifiers - Ferrites Materials - Quartz Crystals Thermistors - Transformers 
Germanium Diodes Relays - Special Valves Zener Diodes 


Get to know the range of STC Components—write for booklet M/103 
which lists all components and their relevant technical literature. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2. 
COMPONENTS GROUP , FOOTSCRAY . SIDCUP . KENT 
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THE 1960 NUCLEAR POWER 
YEAR BOOK & BUYERS’ GUIDE 


NOW IN ITS 3rd EDITION 
the Nuclear Power Year Book and 


Buyers’ Guide is the only comprehensive 
publication of its kind in the world 








CONTENTS 


1 1960 Review ing indication of sources of supply. Pre- 











An uptodate critical review of the 
British nuclear power scene, details of 
the British nuclear contracting groups 
and the electricity generating authori- 
ties, data on British reactors, map of 
nuclear energy establishments and 
power stations. 


2 World Authorities 
The history, organization and plans of 
all national atomic energy authorities 
and international bodies. Addresses of 
establishments and names of leading 
Officials. 

3 Technical Data 
Articles and tables on reactor physics, 
instrumentation and special metallurgy. 

4 Isotope Section 
A 60-page table giving the principal 
properties of all known nuclides includ- 


cautions to be taken in the use of radio- 
active substances. 


5 Company Addresses 
Titles, addresses, directors, home and 
overseas branches of nearly 2000 British 
firms supplying the nuclear energy 
industry. 


6 Buyers’ Guide 
Firm’s products classified under 750 
different headings. 


7 Trade Names 
Products identified under registered 
titles. 


8 Who’s Who 
Biographical details of over 600 lead- 
ing men in British nuclear energy. 


Revised from cover to cover the 3rd edition of NUCLEAR POWER YEAR 
BOOK and BUYERS’ GUIDE is essential for management, designers, 


operators and research workers in the field of atomic energy. 
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Order your copy now—price £2.12.6 (post free) 


ROWSE MUIR PUBLICATIONS LIMITED, 


THE ROWSE MUIR BUILDING, 77-79 CHARLOTTE STREET, LONDON, W.1, 


me) ame CLV als) ar 
lel ater hates: Maman 


MILD STEELS, 
STAINLESS STEELS, 


and 


ALUMINIUM 
ALLOYS 


WE ALSO SPEGIALISE IN 


DISHED AND FLANGED ENDS 
MAX.DIA.24" MAX. THICKNESS 2” 
Made to suit Customer's 


Circle No 48 on reply card for further details 








NUCLEAR POWER August 1960 












1960 





NUCLEAR POWER August 1960 Circle No 49 on reply card for further details 






: RT. ait wae é : ° 
Se ag 
f ha bt 


he] — 


< 


z 


~ 





















Pipelaying Contractors : 
Taylor Woodrow Construction Led. 


in association with 






UNDERGROUND 
AND UNDERSEA ag sro 


Shown in the course of preparation for launching at 
Arish Mell, Dorset, is part of a pipeline for conveying 
atomic wastes from the Atomic Energy Establishment 


at Winfrith Heath into the English Channel. 


It runs for five miles underground from Winfrith to 

the coast and then under the sea for a further two miles. 
For the underground portion, twin pipelines were laid, 
each consisting of a pipe within a pipe. The underwater 
outfall is believed to be the longest installed in this country. 
More than 148,000 feet of S & L steel pipes, ranging in size from ~ — 
6 inch to 18 inch diameter, were used. All pipes were bevelled at 

the ends for welding, bitumen-dip-coated internally and, where in contact with the ground, 
protected externally with woven glass reinforced sheathing. The undersea portion of the 


line was additionally protected before launching with a coating of cement mortar. 


STEWARTS AND LLOYDS LIMITED | S&L 


GLASGOW - BIRMINGHAM: LONDON 





Circle No 50 on reply card for further details 
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BURNDEPT 





BURNDEPT 
BN 120 


A variety of: 
COLLIMATORS 
CRYSTALS 
USES. 





A truly adaptable instrument which allows for several types of Collimators, different grades and types of Crystals 
thus making it a multi-purpose Scintillation Counter. 
A Cathode Follower and Head Amplifier are available, designed to be truly compatible, comprising : 


Brief Specification: BN.129— Connector Signal, for use with BN.120 basic unit 

BN.120— Housing, Basic Unit Photomultiplier Tube: 20th Century VMP/11/44 or E.M.1. Type 60978. 
BN.121— Adjustable Clamp for basic unit Scintillation Crystal: Hilger & Watts P.1031 14” x 1” (other types of crystal 
BN.122— Wide Angle Collimator can be obtained to order). 

BN.123— Adjustable Clamp for use with BN.122 Power Supply Required: D.C. stabilised voltage variable up to 2 Kv. 
BN.124— Narrow Angle Collimator capable of supplying 50 microamps. 

BN.125— Lead Skirt The BURNDEPT HEAD AMPLIFIER BN.106 and the BURNDEPT RATE- 
BN.126— Slotted Collimator METER BN.110 are also ideal for use with the BN.120 and are available ex 
BN.127— Cathode Follower Unit stock or at short delivery. 


Items BN.120, BN.121, BN.122, BN.123, BN.124, BN.125, BN.126, BN.127, 
BN.129 can be supplied individually if required. 


Enquiries to: 


BURNDEPT LIMITED: ERITH: KENT 


TELEPHONE ERITH 33080 


et 


POSITIVELY SEALED 
GLANDLESS VALVES 


Suitable for a wide variety of liquids and gases. 
Toxic—Radioactive—Corrosive or Explosive. 


ROBUST & COMPACT 
POSITIVE METALLIC BELLOWS 
SEALING 

EASY CONTROL 
MINIMUM OPERATING EFFORT 
FORGED LEAKPROOF BODIES 
HARD FACED POPPET OR 

DISC INSERTS 


a CEE g) 


sf 
I. </ 


ad 


Palatine design and supply a wide variety of Valves to 
U.K.A.E.A. at Capenhurst, Aldermaston, Harwell, etc. and 
to the Chemical and Petroleum Industries. 


REMOTE CONTROL VALVES OPERATED BY AIR 
DIAPHRAGM OR PNEUMATIC MOTORS—ELECTRIC 
ACTUATORS—VERY COMPACT HIGH TEMPERATURE 
—VACUUM—LIQUID VALVES. PORTING AND STUBS 
TO CUSTOMER’S REQUIREMENTS. 


PALATINE °Uiitss” 
64/76 BRIGHTON ROAD - SURBITON - SURREY 
TELEPHONE ELMBRIDGE 7261-3 
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customer evidence... 





Modestly we claim that under suitable conditions this 
new miniature will give service in excess of 10 million 
operations but 100 millions leaves us breathless and not 
a little proud. Capable of handling springset arrange- 
ments of up to 12 springs normal duty loading and 
switching at speeds of better than 10 m.s. when 
required, the G.P.S.T. is a natural for computers and 
similar applications. 


For more details please write to the 
TECHNICAL SERVICES DEPT. 


ERICSSON ELECTROMECHANICAL DIVISION 
BEESTON - NOTTINGHAM 


ERICSSON TELEPHONES LIMITED +» HEAD OFFICE + 22 LINCOLN’S INN FIELDS LONDON W.C.2 
ERS 
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This Vokes ‘Absolute’ filter is the nucleus 








Originally developed for atomic energy work, Vokes ‘Absolute’ 
filters have also proved invaluable in biological, pharmaceuti- 
cal and photographic applications —in fact wherever sub- 
micronic particles of dust and dirt can harm expensive equip- 
ment and processes. The special filter medium consisting of 
extremely fine asbestos fibres suspended in a grass-based 
paper gives a remarkable efficiency of 99.95% against particles 
in the 0.I to 0.§ micron range—a figure guaranteed by 
subjecting every ‘Absolute’ filter to the methylene blue dust 
cloud test immediately before despatch. (B.S.S. 2831.) 


Other ‘Absolute’ filters using an all-glass paper filter 
medium have guaranteed efficiencies as high as 99.99% — only 
0.01% penetration against a methylene blue dust cloud. For 
further details please ask for publication HJ. 





For the housing of ‘Absolute’ panels Vokes have 
designed the UNIPAK, an inexpensive, compact 
and adaptable structure consisting primarily of a 
sealing frame housed within an outer metal 
container. Complete inlet and outlet headers are 
provided, tailor-made to fit between the ventila- 
tion ducting and designed to the duct air velocity 
specified by the customer. Each ‘Absolute’ filter 
is isolated from the next and is easily and quickly 
fitted or removed by a patented sealing mechanism 
which, in addition to securing correct alignment 
of the filter, will not permit the access door to be 
replaced until it is sealed in position. 





of 





Standardized components make possible the simple con- 
struction of multiple banks to handle a wide range of air 
volumes. The alternative layouts available —a few of which 
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are shown in these sketches — make the UNIPAK suitable 
for most requirements. Our technical engineers are always 
at hand, however, to advise on special installations. 


NUCLEAR POWER August 


VOKES LIMITED : HENLEY PARK : GUILDFORD : SURREY 
Telephone: Guildford 62861 (6 lines) 
Telex: 8-535 Vokesacess, Gfd. 


Telegrams: Vokesacess, Guildford, Telex 


Represented throughout the world 
v533 
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Reactors 





can only be manufactured in most up-to-date finishing plants, in which quality of 
the material and precision of workmanship combined with wide experience 
guarantee maximum safety of our products. These prerequisites are largely fulfilled 
by Phoenix-Rheinrohr. Sufficient proof of this are our achievements in the field of 
thick plates in standard and clad execution. 


In our plants we manufacture and deform clad plates up to total 
thicknesses of 250 mm. 


For nuclear energy plants we supply: 


Heavy plates made of carbon and alloyed steels in 
wall thicknesses between 5-250 mm 

Plates made of high alloy steels, from 1 mm thickness 
Clad medium and heavy plates up to a total thickness 
of 250 mm 

The following products made ofnormaland clad plates: 
Reactor pressure vessels, thick-walled containers 
Cylindrical shells 

Pressed heads 

Segments for large heads and spherical containers 
Other containers 

Moreover: 

Seamless steel tubes made of high temperature, 
corrosion resistant and unalloyed steels 

Welded small-size and big-size tubes made of 
unalloyed and alloyed steels 

Heat exchangers, tubular coils, pipelines 

Tubular bends, fittings and flanges, alloyed and 
unalloyed 

Sectional steel made of unalloyed, alloyed and special 
steels 


PHOENIX-RHEINROHR AG 


VEREINIGTE HOTTEN- UND ROHRENWERKE DOSSELDORF GERMANY 
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50 or 100-channel operation gives rapid, accurate 
0.1% absolute accuracy print-out of multichannel 


Low unit cost per channel data for every industry 
4-digit display and print-out 





Commutation by gold-contact 


sealed relays Write now for full details 


Rugged construction for THE SOLARTRON ELECTRONIC 


on-site industrial use GROUP LTD. 
Victoria Road, Farnborough, Hampshire 
Tel: Farnborough (Hants) 3000 
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VIE Wr OIN TS letters to the Editor 


Reassurance on overseas tie-ups 


SIR: Your’ correspondent, Mr. 
Wynsel, in your issue of last June, 
can be reassured. The British nuclear 
power consortia are alive to the fact 
that many overseas countries will wish 
to develop their own nuclear power 
projects and we are encouraging these 
developments, Some British groups 
have already concluded agreements 
with foreign companies and such col- 
laboration is already evident in the 
Latina and Tokai-Mura projects. The 
sharing of British ‘know-how’ and 
experience with foreign firms estab- 
lishes a common interest in the de- 
velopment of nuclear plant which 
will be of permanent value. Quite 
apart from these special agreements. 
it should be remembered that the in- 
dustrial consortia have associated or 
subsidiary companies in countries 
throughout the world. 

With regard to the appropriateness 
of ‘turn-key’ contracts it should be 
emphasised that ‘turn-key’ tenders 
are submitted in direct response to 
requests from potential customers. At 
present the majority of electricity 
undertakings want their nuclear power 
contracts to be organised in this way. 
Perhaps Mr. Wynsel is under the 
misapprehension that with a ‘turn- 
key’ contract the main contractor 
supplies all or most of the plant and 
civil works, In fact the main contractor 
carries overall responsibility but need 
not necessarily provide any ‘hard- 
ware ’ himself. 

K. J. WOOTTON 
General Electric Company Limited, 
Erith, Kent 


Teaching reactors 

SIR: In reply to the letter of Mr. 
R. G. Scurlock (June issue), a distinc- 
tion should be made between the 
training and research functions of a 
nuclear reactor at an educational in- 
stitution. It is certainly true that many 
of the research areas of great current 
interest, such as massive radiation 
damage studies or neutron diffraction, 
require the use of high power reac- 
tors. However, the operating and capi- 
tal costs of such reactors place them 
out of reach of most organizations 
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other than national nuclear energy 
research establishments. 

On the other hand, if we consider 
training functions, one is led to take 
exception to Mr. Scurlock’s remarks. 
The situation is, in fact, rather the 
opposite of that which he describes. 
In the first instance, only low power 
reactors (say, below 100kW) have 
sufficiently low fission product inven- 
tories to be safe in the ultimate sense 
of being unable to produce contamina- 
tion of a large area. Only low power 
reactors have low enough costs (both 
operating and capital) to permit their 
being devoted to student use. Large 
reactors must be operated by profes- 
sional crews on exacting schedules; 
such conditions are not conducive to 
learning or small scale experiments. 

Only low power reactors have the 
accessibility and flexibility to permit 
students to change core geometry and 
materials (witness the Argonaut family 
of reactors, the free convection cooled 
swimming pools, and particularly the 
AGN-211, which was specifically de- 
signed to incorporate this flexibility). 
The difficulty of changing geometry 
or materials in high power reactors, 
coupled with the questions of cost, 
safety, and fission product inventory, 
militate against their use for this im- 
portant type of training function. 
Again, one is much freer to experi- 
ment with reactor dynamics with a 
small reactor, for the same reasons, 
and because dynamic behaviour need 
not be limited by requirements of 
high capacity cooling systems. 

As Mr. Scurlock notes, small reac- 
tors are useful in radiation chemistry 
and the production of isotopes. In 
particular, the great current interest 
in short lived isotopes can be satis- 
fied only by close proximity to a reac- 
tor and, for most users, this necessi- 
tates a safe, low cost (and therefore 
low power) reactor. In addition, many 
other important areas of research are 
best accomplished on low power reac- 
tors, such as activation analysis, dan- 
ger coefficient analysis, macroscopic 
cross-section measurements, exponen- 
tial experiments, flux distribution 
measurements, low level irradiation 
studies, fission product release investi- 
gation, and, in fact, all but a small 


class of research functions. 

The experience in the United States, 
where more than 30 low power re- 
search reactors are in service, has 
demonstrated their great usefulness. 
The fact that so many are in use, 
while no high power reactors are 
largely devoted to student use, nor 
easily available to students, is in itself 
indicative. Without these installations, 
our technical personnel would be 
almost entirely lacking in actual con- 
tact with reactors and in practical 
reactor-oriented skills. 
Aerojet-General H. MONTGOMERY 
Nucleonics, PROJECT MANAGER 
California GCRE-II 


Radioisotope safety 


SIR: In your second editorial (July) 
you rightly say that more information 
on the economic benefits possible 
from the use of radioisotopes should 
be fed to management and I think 
your idea of more regular compilation 
and publication of precise economic 
anlyses is good. But are the authori- 
ties really aware of the uncertainty 
which exists regarding safety? For 
example, the maximum permissible 
dose of radiation per 40 hour week 
is laid down by the British X-Ray & 
Radium Protection as 500 millirént- 
gens; but the International Committee 
on Radiological Protection gives 300 
milliréntgens while another draft 
regulation lays down 100 as a safe 
maximum. 

Greenford, Middlesex DAVID SERRY 








PUBLISHER’S COLUMN 


From this issue, NUCLEAR POWER will 
be printed on a new, lighter-weight 
paper. The paper used in the past 
has been criticized by readers on two 
counts: that it was too thick and 
resulted in a stiff, bulky journal which 
was difficult to handle, and, that it 
was too white and glossy and strained 
the eyes during reading, The new 
paper should keep the overall thick- 
ness of the journal within manageable 
proportions, even for the largest 
issues, and we hope that reading will 
be made easier by its off-white colour 
and less shiny appearance. 
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F.R. Standpipe Closures 

are on order for five 

! Nuclear Power Stations. 
Simple and foolproof, they are 
backed by unrivalled design 
and test experience. 
Insertion, in any radial position, 
and removal can only take place 
under pressure balance conditions 
and are accomplished by a straightforward 

| lower or lift. They will accept 

control rod motors, flux scanning 

heads, chutes, hand winding drives, etc., 

above, below or within the closure 

and are suitable for top, 

bottom or side charging. 

Production versions are suitable for 

300 p.s.i. (21.09 kg/cm?) and 

150°C and developments are in hand 

for most gases and fluids 

at higher temperatures and pressures. 


Flight Refuelling Ltd 


TARRANT RUSHTON AIRFIELD, BLANDFORD, DORSET. Telephone: Blandford 501 
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Action on ships 


BY JULY 29 the Ministry of Transport will have received 
the five designs for a nuclear powered tanker specified by 
the Yarrow-Admiralty Research Department. These are 
the outcome of the Galbraith Committee’s evaluation last 
year, when seven Mmdustrial firms submitted studies cover- 
ing pressurized water, gas and steam-cooled, boiling water 
and organic moderated reactors. Only the last two con- 
cepts were selected as having near-future potential, a 
decision that follows a recent one by the USAEC. That 
other systems are not to be ignored for the future, how- 
ever, is indicated by the UKAEA in its annual report: 
the possibility of the steam cooled heavy water system, 
for instance, is being looked into. 

The Government has been hard pressed for some time 
to declare its intention in this field and a firm decision in 
the very near future is wanted not only by the shipbuilding 
and reactor engineering industries, but also by the many 
people who look to Britain as a pioneer among maritime 
countries. 

In its usual cautious manner, the Government, through 
Mr. Marples, recently stated that invitations for tenders 
did not commit it or anyone else to building a nuclear 
merchant ship. In the same breath, however, he considered 
that there existed an urgent need to go ahead with all 
possible speed and that sources of finance should be 
arranged to avoid further delay. Heavy costs have already 
been incurred by the various companies concerned, and 
this statement may have been made as a palliative. Righ‘ly 
or wrongly, the attitude in this country is that where there 
is a line to be developed that may eventually lead to 
profit, then industry should pay its own way. However, both 
the two organizations which are primarily concerned with 
nuclear ship development, the British Shipbuilding Research 
Association and the Atomic Energy Authority, are either 
partly or wholly Government financed, and it should b> 
carefully considered whether individual industrial partici- 
pation in such an important project should be similarly 
treated. 

The issue at stake now is not just one of prestige; even 
if we get a ship afloat in the relatively near future, w2 
will only be in third place. What is more to the point is 
that the UK should adopt a realistic approach and exert 
every effort towards achieving economic competitiveness. 
That there is considerable development activity in Europe 
and elsewhere is clearly indicated in Mr. Burkett’s survey 
appearing in this issue. Considering that over half the 
world’s total tonnage in merchant shipping, and an even 
higher percentage of the world’s tanker fleet, operates 
under European flags, vigorous participation by European 
maritime countries in the development of marine nuclear 
propulsion is a reasonable expectation. 

At the moment there are three broad categories of 
development policy: the early construction of a PWR 
sea-going vessel with the minimum of research and devel- 
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opment, in Germany, Italy, Denmark and the Netherlands; 
a more conservative approach with dependence upon a 
short-term programme of development work on the boiling 
water and the organic moderated systems in Britain, 
Germany, Sweden and Norway; and the long term 
approach, involving adequate investigations on more 
advanced types of reactor—the gas cooled system in par- 
ticular—in France, Germany, Sweden and Denmark. It 
is to be hoped that the UK Government’s advisers will 
have noticed that, in nearly every other country with 
declared plans for nuclear ship development, financial 
participation by the Government is an established fact. 


The AEA reports 


LITTLE THAT is shiningly new has come out of the sixth 
annual report of the Atomic Energy Authority ; research 
has been following lines that are now familiar, and hopes 
for the economic future are still based on the fast breeder. 
The possibility of a power producing prototype in about 
seven years time, to be followed by a commercial design, 
is mentioned. In the advanced gas-cooled reactor pro- 
gramme, loss of ductility of beryllium under irradiation 
continues to be of concern, though reasonably encourag- 
ing preliminary results were obtained from the large irra- 
diation programme conducted during the year. 

Apparently the possibility of a 100 MWt experimenial 
steam cooled heavy water reactor operating by the end 
of 1962, mentioned in the 1958-59 report, has gone; a 
newer concept—the steam generating heavy water reactor 
—is now in the forefront. There appears to be, however, 
little sense of urgency or excitement displayed. True, the 
AEA is thinking about collaborative research and devel- 
opment on the SGHW with the consortia; but it plod- 
dingly says that a decision to proceed with building will 
not only depend on the results of further work which will! 
be reviewed later this year, but also ‘ upon the availability 
of both technical manpower and financial resources.’ It 
will be exasperating and shortsighted indeed if, after the 
project has been conceived, it is to be left still-born 
through lack of money and men. If the studies are suc- 
cessful, work should surely go aggressively ahead as soon 
as possible. 

Much more heartening is the news that revenue from 
commercial operations during the year amounted to almost 
£M20, and that positive steps are being taken to proceed 
with the grant of licences to overseas organizations for 
the manufacture of natural uranium fuel elements by 
the Springfield process. Negotiations on this matter are 
going on at the moment with Germany and Belgium 
and, in an extension of this long-awaited display of minor 
enterprise, the AEA says it is prepared to consider 
requests from other countries wishing to make their own 
fuel elements. 








WHICH WAY WOULD 


Down in the valley, the town needs more power. The 
time’s come to bring in a power line from the Grid. That 
means pylons, right across these fields, and on down into 
the valley. 

There are perhaps a hundred paths the pylons could 
follow. One must be chosen. Not plotted arbitrarily 
across a map, but thoughtfully, carefully sited, so that 
pylons and cable strike the best possible balance with the 
landscape. 

The Central Electricity Generating Board are just as 
concerned about this as they are about bringing in the 
power. For the nation has charged the Board with a 
double duty. Not only to maintain an efficient, economical 


60 


TAKE THE PYLONS ? 





electricity supply, but also to preserve the amenities of 
the country as they go. 

That’s why the new line will be planned so that it 

follows the dark background of a wood here; skirts a 
village there; crosses skylines in the most inconspicuous 
way to be found; and eventually reaches the town through 
its industrial suburbs. 
These advertisements are appearing in the farming and country 
magazines. The Central Electricity Generating Board thank electrical 
contractors for their co-operation in the past, and know that they will 
do all they can to preserve the amenities of the countryside. 


THE CENTRAL ELECTRICITY GENERATING BOARD 
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EUROPE 


Consortia merger is on again 


London Negotiations are still in progress 
on the setting up of a new company fol- 
lowing the recent announcement that 
Atomic Power Constructions and the 
GEC-Simon Carves Atomic Energy 
Group have agreed to join forces to de- 
sign and build nuclear power stations 
in this country. This latest combination 
reduces the number of consortia com- 
peting for nuclear power stations to 
three from the original five. 

The bare announcement that ‘as a re- 
sult of further discussions,’ APC and the 
GEC-Simon Carves group had agreed to 
join forces, followed earlier talks this 


year (see Worldview, April) which had 
ended in failure. 

The original idea (see Worldview, 
November 1959) was to merge the two 
concerns more or less completely; but 
when it came to detailed arrangements, 
the two groups found their attitudes irre- 
concilable. Now it appears that these 
obstacles have been overcome and that 
there is general agreement on broad 
principles, and discussions that are taking 
place are merely on the organization of 
the new company. It is likely that the 
chief executives of this will be Mr. 
Arnold Lindley, managing director and 
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SEEN FROM ABOVE An aerial view of the 275MW Berkeley nuclear power 
station after the completion of 34 years construction work by the AEl-john 
Thompson Nuclear Energy Co. Ltd. In the foreground is the No | reactor. Top 
soil is being replaced and landscaping will begin soon 
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vice-chairman of the GEC, and Col. | 
G. W. Raby, managing director of APC. 
The GEC-Simon Carves group is asso- | 
ciated with Motherwell Bridge and 
Engineering and John Mowlem, while 
the Atomic Power Construction Group 
consists of Crompton Parkinson, Fairey 
Aviation, International Combustion and 
Richardsons Westgarth. It is also asso- 
ciated with Trollope and Colls, Holland 
& Hannen and Cubitts. 


New fast research reactor 
for the UK 


London A new zero energy fast breeder 
reactor to obtain information needed for 
the design of a prototype fast reactor 
is to be built at the UKAEA’s establish- 
ment at Winfrith Heath, Dorset. Work 
to be carried out will complement that 
at Dounreay. The AEA considered the 
reactor earlier this year but had to await 
Treasury approval before proceeding 
(see Worldview, March, Briefs). 

The reactor, called Zebra (Zero Energy 
Breeder Reactor Assembly) has been de- 
signed to permit the study of the neutron 
physics of a wide variety of fuel assem- 
blies containing uranium and plutonium. 
The assemblies under study will be built 
up by loading fuel elements into a steel 
matrix (approximately a cube of side 
10 ft). The fuel elements contain both 
fuel plates and plates of neutron-absorb- 
ing material: the latter will be used to 
simulate the nuclear properties of the 
coolant and structure material which 
would be required in a power reactor. 
Zebra will be operated at room tem- 
perature and the heat output from the 
nuclear reactions in the core will be kept 
very low so that no cooling system is 
necessary. It is planned to commission 
the zero energy reactor during 1962. 


e Euratom Experimental and develop- 
ment work on a W. German OMR-type 
marine reactor project will be supported 
by Euratom, it was disclosed after the 
recent meeting between the Hamburg 
Gesellschaft fur Kernenergieverwertung 
(GKSS), the German Atomics Ministry 
and Euratom. 
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Eurochemic plant gets under way 


Mol, Belgium Work on the Eurochemic 
establishment here was officially inau- 
gurated on July 7 by Prince Albert in 
the presence of representatives from the 
13 participating countries. Construction 
of the first building—an administration 
block— has begun and the next steps will 
be a start on the laboratory for research 
on fuel element reprocessing methods 
(end 1960) and the reprocessing plant 
itself (1961), which will treat fuel ele- 
ments from member countries. Present 
plans envisage test runs for the plant in 
1963 with full operation during 1964. 
The cost of the laboratory and plant 
should account for about $M15 of the 
company’s $M21-5 capital; the remainder 
will go on running expenses. 

Outlining the scope of the plant, ‘some- 
where between a pilot and a production 
plant, with a capacity of 350 kg of irra- 
diated fuel per day’, Eurochemic offi- 
cials said it had been decided to limit 
the acceptable degree of fuel enrichment 
to 5% and the irradiation to 10,000 MWd 
tonne. Within these limits, the plant will 
be extremely versatile, capable of deal- 
ing with both uranium and oxide fuels, 
alloys such as uranium-molybdenum (up 
to 10% Mo) and, later, uranium-zir- 
conium, and canning materials will in- 
clude aluminium, magnesium, magnox, 
zirconium, zircaloy and stainless steel. 
Size limits for single elements or bundles 
have been set at 3-3 metres in length and 
20 cms in diameter. 

The work of Eurochemic has so far 
been carried out in laboratories put at 
its disposal by the Mol Centre. Here 
various sections of a typical reprocessing 
plant have been built and investigated. 

The design of the main plant should 
be completed in a few months and the 
construction will be carried out, as far 


Franco-US reactor agreement 
Paris The Société Rateau has reached 
an agreement with Allis-Chalmers under 
which the US company grants the French 
firm an exclusive licence to manufacture, 
use and sell nuclear reactors and nuclear 
power stations. The territory covered 
comprises France, the Benelux countries, 
French overseas possessions and the 
countries of the French Community. 
The licensing agreement will enable 
Société Rateau to share in the power con- 
struction programme within the frame- 
work of the Euratom-US agreement. 


Other US-French agreements include 
that of Westinghouse-Schneider (Frama- 
tome) and Atomics International and 
Alsacienne de Constructions-Chantiers 
de l’Atlantique (Dynatom)—see People, 


as possible, by companies within the 
member countries; several contracts are 
now being negotiated. The engineer-archi- 
tects are the French Société Saint-Gobain, 
who hold 22 of the 430 shares, each with 
a nominal value of $50,000. 

A number of private companies have 
bought shares from their country’s hold- 
ing (which is fixed by statute) and the 
present shareholders in Eurochemic are: 


Number of 
Shares 
The Government of the Federal Republic 
of Germany 50 
Rheinisch-Westfalisches Elektrizitatswerk 
(RWE), Essen 1 
Arbeitsgemeinschaft Deutscher Energiever- 
sorgungsunternehmen zur Vorbereitung 
der Errichtung eines Leistungs-Versuchs- 
Reaktor e.V. (AVR), Diisseldorf 1 
Grosskraftwerk Mannheim AG., Mannheim- 
Neckarau 1 
Steinkohlen-Elektrizitét AG. (Steag), Essen 1 
Badenwerk AG., Karlsruhe 1 
Bayernwerk AG., Munich 1 
Hamburgische Elektrizitétswerke AG., 
Hamburg 1 
Preussische Elektrizitéts-AG., (Preussenelek- 
tra) Hanover 1 
Kraftiilbertragungswerke Rheinfelden/ Baden 1 
Allgemeine Elektrizitats-Gesellschaft (AEG), 
Frankfurt / Main 
Interatom, Bensberg b.K6In 
Degussa, Frankfurt/Main 
Metall-Gesellschaft AG., Frankfurt/Main 
Brown, Boveri and Co. AG Mannheim 
Farbwerke Hoechst AG Frankfurt/Main 
Farbenfabriken Bayer AG Leverkusen 
The Government of the Republic of Austria 
The Government of the Kingdom of 


Shareholders 
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Belgium 17 
Société Belge de Chimie’ Nucléaire 
(BELCHIM) 27 


The Government of the Kingdom of 
Denmark 22 
The Commissariat a l'Energie Atomique, 


Paris 46 
Société Saint-Gobain 22 
Comitato Nazionale per le Ricerche Nu- 

cleari, Rome 37 
Societe SORIN 5 
Societe SENN 2 
The Government of the Kingdom of Norway 20 


The Government of the Kingdom of the 


Netherlands 29 
Societe NERATOM 1 
Junta de Energia Nuclear, Lisbon 6 
Aktiebolaget Atomenergii, Stockholm 32 


The Government of the Swiss Confederation 30 
The Government of the Turkish Republic 16 
Junta de Energia Nuclear, Madrid 30 


this month. NUCLEAR POWER understands 
that the next agreement on these lines 
likely to be announced is that between 
Alsthom and the US General Electric. 
This may only be concerned with an 
exchange of technical information. 


New UK Power Research 
Council 

London The Minister of Power has re- 
constituted his Scientific Advisory 
Council and amended its terms of refer- 
ence so that it covers all aspects of 
research and development concerned 
with fuel and power from the laboratory 
to industrial application. The council will 
also take over the functions of the Min- 
ister’s Fuel Efficiency Advisory Commit- 
tee and is invited to appoint a standing 
committee on fuel technology. 





@ Italy The RC-1 reactor supplied | 
General Atomics for the Casaccia nucle 
study centre near Rome has start 
operating. 


@ Denmark Denmark and Britain ha 
concluded an agreement aiming at 
common research programme to produ 
nuclear power economically. 


@ IAEA Mr. Sterling Cole, the Direct: 
General of the IAEA, recently visite | 
the UK at the invitation of the chairm 
of the AEA, Sir Roger Makins. | 
toured establishments and had talks wit) 
Sir Roger and Lord Hailsham. 


@ Denmark Danatom is to _ build 
nuclear tanker and operate it alongsid 
two conventionally-powered ships fo: 
comparison studies. 


New European-US company 
is formed 

Zurich A new European company, 
General Atomic Europe, whose primary 
aim will be the development of the high 
temperature gas-cooled central power 
systems in the 100 MW region, has been 
formed. It will be affiliated to General 
Atomic USA, a division of General 
Dynamics Corporation. 

Present plans call for the location of 
offices and staff in Zurich starting in the 
autumn of this year. General Atomic 
Europe has also been incorporated in 
Diisseldorf and in Milan. 

The objective of programmes of 
General Atomic Europe will be the 
achievement of the most advanced 
nuclear products, particularly those bring- 
ing about truly economic nuclear power 
in Europe. Primary emphasis will be 
placed on the high temperature gas- 
cooled reactor concept. The development 
of this system is a logical evolution of a 
40 MW HTGR prototype which General 
Atomic USA is now building for 53 elec- 
tric generating companies in the US. Dr. 
Peter Fortesque, former deputy chief 
scientist at Harwell, has been appointed 
chief research and development engineer 
(see People, page 114, this issue). 


UK Nuclear Safety Committee 
London Further emphasis on the ques- 
tion of nuclear safety problems was 
placed by the Government through its 
recent appointment of a 24-man com- 
mittee to advise it on safety matters 
involved in nuclear science and engineer- 
ing. The committee’s terms of reference 
relate to safety problems under the 
Nuclear Installations (Licensing and 
Insurance) Act, 1959. 

The chairman is to be Sir Alexander 
Fleck, former head of Imperial Chemica! 
Industries. 
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CERN faces two major tasks 


Geneva Two major tasks face the 
Furopean Organization for Nuclear Re- 
seirch (CERN) during 1960, says the 
annual report for 1959. The first is the 
perfecting of the proton synchrotron itself 
and of arrangements for operating it; 
the other is the planning of the pro- 
gramme of research. 

[he report adds that towards the end 
of 1959, the synchro-cyclotron was closed 
down for three months in order to im- 
prove its shielding and to prepare for the 
introduction of stochastic acceleration. 

During the year, the buildings origin- 
ally planned were completed; the first of 
new buildings for the proton synchro- 
tron, for generators for the propane 
chamber magnet and for the beam trans- 
port magnet were practically completed. 
The bulk of this work will be done 
during 1960 and should be finished in 
1961. 





















PROGRESS AT BRADWELL Our picture shows a general view from the south 

of the No. | and 2 reactors at the 300 MW Bradwell power station. The stilted 

structure adjoining the end of the turbine house is part of the CEGB Operations 

Block. The contract for the station was awarded to the Nuclear Power Plant 
Company Ltd. in December 1956. 





BEAMA looks at Common Market prospects 


London An increase in the purchase 
rate of electrical products by the Com- 
mon Market countries by 1963 of 44% 
over 1958 figures, from £M2300 to 
£M3300, is predicted in a 59 page survey 
of the Common Market by the British 
Electrical and Allied Manufacturers 
Association (Beama). 

The report, Beama publication 173, is 
probably the first detailed survey of the 
potential market for its members’ pro- 
ducts in the Common Market ever pre- 
pared by a trade association in Britain. 
It points out that the Common Market 
presents a big challenge to British ex- 
porters, both in the size of its potential 
and the problems that will need to be 
dealt with in tackling it. ‘It contains 
within itself powerfully established 
national electrical manufacturing indus- 
tries’, the survey adds. ‘None as yet 
matches in total value of output the 
electrical manufacturing industry of the 
United Kingdom. But the advance of 
those of Western Germany and of France 
is rapid and is likely to be stimulated 
by the freer trading conditions within 
the Common Market, and based upon 
these, to expand into the further flung 
markets of the world. The total value of 
electrical manufacture within the ‘Six’ 
may be currently placed at some £M2400 
per year; it is possible that it may rise 
by half as much again in the coming 
five years’. 

In assessing the size of the future 
market for electrical products within the 
‘Six’, the survey points out that sales 
of radio and communications equipment 


NUCLEAR POWER August 1960 


and domestic and commercial appliances 
are likely to rise faster than capital 
items; in the five years from 1959-63, 
the Common Market countries will have 
absorbed electrical products amounting 
to £M14,000—equivalent to 10 years’ UK 
output at present production rates. 

The survey points out that in 1958, 
the total installation of electrical goods 
as ‘capital’ goods by the ‘Six’ amoun- 
ted to some £M1300. In the same year, 
total gross capital formation by the ‘ Six ’ 
amounted to about £M10,370. Of total 
capital formation, about one-eighth was 


INSTALLATION OF ELECTRICAL CAPITAL 
PRODUCTS IN RELATION TO GROSS CAPITAL 
FORMATION 1958 
(value in £ millions) 





Gross Electrical percent 


Belgo-Lux 629 60:3 9-6 
France 3170 400-0 12°6 
Italy 1930 280-0 14-5 
Netherlands 700 67°4 9-7 
W. Germany 3940 495-0 12:5 

10369 =1302-7 12-5 


represented by expenditure on electrical 
products. There are variations for indi- 
vidual countries but these are not unduly 
wide and the figures tend to confirm 
each other in showing the important 
part played by electrical products in 
current West European capital for- 
mation. 

On a.c. generators (on the whole in 
excess of 100 MW nominal rating), the 
anticipated installation rates in the public 
supply sector in France and Belgium for 






the years 1958-63 are considerably in 
excess of those achieved in the past years. 
In other countries of the ‘Six’, the 
future installation rates are below those 
recently achieved, notably in the Nether- 
lands, where a high degree of generation 
concentration has already been achieved, 
and in Western Germany, where big capi- 
talinvestments of the reconstruction period 
have tended to furnish production capa- 
city in anticipation of growth of demand. 
Future installations of transformers are 
influenced by a complexity of factors, 
none of which dominates. Those installed 
in generating stations bear a measurable 
relationship to expansion in generating 
capacity and their quantity can be de- 
termined within reasonable margins, from 
actual data; some measure is also ob- 
tainable of capacity of future installa- 
tions in users’ premises and in the works 
of auto-producers from estimates of the 
development of high-tension supplies 
and auto-producer operation, Estimates 
of installations in supply networks, need, 
however, to be based almost solely upon 
assumption of expansion of existing in- 
stallations calculated on past trends. 


‘The Beama Survey of the European Com- 
mon Market for Electrical Products’ pub- 
lished by the British Electrical and Allied 
Manufacturers’ Association (Inc), 36 Kings- 
way, London WC2. 


Yugoslav isotope output 


Belgrade Production of isotopes in Yugo- 
slavia, which started recently, will be in- 
creased gradually until all domestic re- 
quirements will be covered. Production 
is centred at the Vinca research centre 
where a_ Soviet-built 6-5 MW _ heavy 
water reactor was completed at the end 
of last year. 
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Sharp sales rise in US nuclear industry 


New York The US nuclear industry has 
now a valuable guide to future market 
potentials in the shape of a special re- 
port entitled ‘ Business Statistics on the 
Atomic Industry 1954-58.’ This report 
by the Atomic Industrial Forum details 
not only the extent of product shipments 
during the period covered but also to 
the types of market to which the equip- 
ment, services and materials were de- 
livered. 

A major portion of the data contained 
in the report relates to the sale of nuclear 
reactors, components, materials and ser- 
vices to and by the atomic industry. Be- 
cause of the research and development 
character of many of the activities in the 
industry, sales data has been supple- 
mented with information on research and 
development expenditures, capital invest- 
ment, and employment of scientific and 
technical personnel. 

Among the main points of the report 
is that American industry is estimated 
to have sold and delivered approximately 
$M1500 worth of nuclear reactors, com- 
ponents, materials and services to the 
US Government and US industry and 
to foreign markets during the five year 
period 1954-58. This estimate is pro- 
jected from the $M933 worth of sales 
reported by 196 of the companies and 
institutions who took part in the survey. 

These totals do not include equipment 
and services for the nuclear weapons 
programme or nuclear propulsion reac- 
tors for the naval and aircraft pro- 
grammes. Also excluded are most of 
the costs associated with operating 
Government-owned development and 
production facilities. 

More than 75% of the market for the 
$M933 reported sales was accounted for 
by US Government contract and sub- 
contract purchases. Approximately 20% 
of the total was for products and ser- 
vices delivered to US industry and less 
than 4% went to foreign markets. 

One of the more interesting facts 
gleaned from the survey is the striking 
upward trend of sales, In the five year 
period from 1954 to 1958, there was, 
with a single exception, a steady in- 


@ Israel Israel’s first research reactor at 
Nahal Sorek, south of Tel Aviv, is now 
in operation and is expected to reach its 
1 MW power level within the next two 
months. 
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crease in the annual dollar volume of 
shipments. The largest percentage in- 
crease took place between 1955 and 1956 
and the smallest between 1957 and 1958, 
but the average yearly increase in dol- 
lar volume of shipments during the five 
year period was 88%. 

Another fact is that between 75 and 
100 companies are known to be engaged 
in the manufacture and sale of radiation 
instruments and/or instrument compo- 
nents. Many of these companies are quite 
small—i.e. their total annual sales may 
run well below $M1. Many of them 
manufacture only a single type of instru- 
ment while others manufacture only 
components. 

In research and development, over 
$M224, about $M124 privately and 
$M100 in government funds, were spent 
in the 1954-58 period. Of this total, 
approximately 45% was reported for 
design and development of reactors. 

Capital investment during the same 
five year period amounted to approxi- 
mately $M465 in private funds. The 
largest single category of private capital 
investment, accounting for 31% of the 
reported total, was made on facilities for 
the milling and processing of uranium 
ores. 

Figures for the latest year in the sur- 
vey, 1958, show that over $M650 worth 
of nuclear products and services are esti- 
mated to have been delivered by Ameri- 
can industry. Here again, neither the 
reported nor the estimated sales totals 
include equipment and services for the 
nuclear weapons programme or nuclear 
propulsion reactors for the naval and 
aircraft programmes, More than 65°, of 
the $M404 total reported by 196 of the 
companies taking part in the survey, is 
attributable to the shipment of com- 
ponents, equipment and materials for 
nuclear reactor systems. An additional 
17°, was accounted for by the sale of 
services, a major portion of which were 
performed in connexion with the devel- 
opment of nuclear reactors. 

* Business statistics on the atomic industry 1954- 


1958’, Atomic Industrial Forum, 3 East 54 Street, 
New York 22, New York. 36 pages, $3-50. 


@ Philippines The first components for 
the one MW open pool research reactor 
for the Philippine Atomic Energy Com- 
mision have been completed by the US 
General Electric. 





@ UNO A third United Nations Inter 
national Conference on the Peaceft 
Uses of Atomic Energy, to take place i 
Geneva in 1962, or possibly 1963, ha 
been recommended to the Genera 
Assembly by the Secretary-General, Da 
Hammarskjold. 

@ Canada Atomic Energy of Canad: 
has shipped more than a million curie 
of Canadian-produced isotopes since th 
first shipment 12 years ago. 

e Argentina The Mercantile Metal an 
Ore Corporation of New York presente 
the highest bid and won 200 tons oi 
beryllium ore at the first Governmen 
auction held in Buenos Aires. 


@ Lebanon Large uranium ore deposit: 
are reported in the Barouk and Dah: 
el Baydar mountains of Lebanon. 





NEW US SUBMARINE The US Navy’s 

newest nuclear powered submarine, 

‘Scorpion’, on her maiden voyage. She 

was built by the Electric Boat Division 

of General Dynamics and is a sister ship 

of the ‘Skipjack’, said by the Navy to 
be the fastest submarine afloat 


US supplies first South African 
research reactor 

Pretoria The first South African re- 
search reactor is to be built by the Allis- 
Chalmers Manufacturing Company. The 
work will be done under the terms of an 
agreement signed recently in the US 
between the South African Atomic En- 
ergy Board, the Roberts Construction 
Co. of South Africa and Allis-Chalmers 
Nuclear Power Department. 

The reactor, an‘ advanced version of 
the ORR tank type now operating at 
Oak Ridge—will operate at first at 6°6 
MW but will be designed for ultimate 
operation at power levels as high as 
20 MW. It is similar to the Swedish R-2 
reactor now in operation at Studsvik (see 
W orldview, July). 


Trombay reactor goes critical 
Bombay The Indian research reactor at 
Trombay, the largest in Asia, has gone 
critical, four years after work on its 
foundations began. The reactor was a 
joint Canadian-Indian effort and is based 
on the Canadian NRX reactor at Chalk 
River. It is expected to operate at its 
full output of 40 MW on a routine basis 
in the autumn. Called the CIR, the re- 
actor is fuelled with natural uranium and 
moderated with heavy water. 
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ichigan boiling water reactor 
agreement reached 


shington Under an agreement reached 
between the USAEC and the Con- 
sumers Power Company, Michigan, the 
company is to be responsible for the 
design, operation and construction of a 
50 MW high power density boiling water 
reactor power plant. The plant is sched- 
uled to go critical in September 1962 
and it is hoped that with further re- 
search and development, the plant’s capa- 
city will produce a maximum of 75 MW. 

[The agreement also provides for the 
General Electric Company of San Jose, 
California, and Consumers to receive fin- 
ancial help from the Commission in pre- 
and post-construction research and de- 
velopment. Fuel use charges during the 
first five years of operation are to be 
waived. Capital costs, including site and 
site preparation, are estimated at nearly 
£10,000,000. 

Consumers are to make the plant avail- 
able four and a half years after critical- 
ity, for research and development into 
increasing the power density of uranium 
oxide fuelled boiling water reactors. 


@ Indonesia Indonesia and the USSR 
have signed an agreement on co-opera- 
tion in the peaceful uses of atomic 
energy under which the Soviet Union 
will aid Indonesia in the building of a 
research reactor. 


© India The Indian Atomic Energy 
Commission is to start mining uranium 
ore in Bihar State. 





ENRICO FERMI WORK GOES ON 
This latest picture of progress on the 
Power Reactor Development Com- 
pany’s Enrico Fermi project shows a 
heat exchanger being lowered into its 
shell in the reactor building. The 
USAEC and the PRDC have appealed 
against a court decision which would 
have meant a stoppage of work on the 
plant (see ‘Worldview’, July, p. 66) 
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GENTLY DOES IT The 80 ton reactor vessel, 65 ton containment tank, 13 ton 

upper cavity linear ring and 44 ton upper thermal shock liner ring for the 75 MW 

Hallam, Nebraska, power plant, approach the last leg of their journey up the 

Missouri River. The Hallam plant will have a sodium cooled, graphite. moderated 

reactor and is scheduled for operation by Consumers Public Power District of 
Nebraska in 1962 





New use for uranium forecast 


Winnepeg A new use for uranium in 
steel production has been developed by 
the Canadian Government, according to 
Dr. John Convey, Federal Director of 
Mines and Surveys. 

Dr. Convey told the recent convention 
of the Engineering Institute of Canada 
that considerable amounts of uranium 
were already being used in the produc- 
tion of steel. If the new process were 
adopted for the manufacture of low alloy 
steel, an outlet for much of Canada’s 
uranium output would be found. 

The Department of Mines and Sur- 


@ United States The Lockheed Aircraft 
Corporation’s Georgia Division is to 
build a training reactor to be exhibited 
in South America by the USAEC. 


e Canada Estimates of the cost of the 
200 MW Douglas Point nuclear power 
station have been raised from $60 mil- 
lion to $81-5 million. 


Dresden reaches full power 
New York The Dresden, Illinois, nuclear 
power station reached full power on 
June 30. The station has a 180 MW boil- 
ing water reactor designed and built by 
US General Electric for Commonwealth 
Edison Co. and the Nuclear Power 
Group Inc. 

The reactor went critical on October 
15, 1959, some six months ahead of 
schedule. It is to be turned over to 
Commonwealth Edison later this year 
(see Worldview, July, p. 65). 


veys, which developed the process in co- 
operation with uranium producers, had 
already received inquiries from the US, 
the UK and many European producers. 
In essence, the process calls for the 
addition of one to four pounds of uran- 
ium to a 500-pound steel melt which 
helps the steel to resist corrosion, im- 
proves the fatigue life of the metal and 
has other beneficial results. Since low 
alloy steel production in Canada totals 
many thousands of tons annually, a new 
market seems to be assured for the 
country’s faltering uranium industry. 


e Africa Exploitation of uranium ore 
deposits in French Equatorial Africa is 
likely to start in 1961. The deposit, esti- 
mated at 20 million tons, is owned by 
Mines d’Uranium de Franceville. 


@ Japan A trade school to teach nuclear 
engineering will open in eastern Japan 
before next April. It will be sponsored 
by the Japan Atomic Industrial Forum. 





ROBENS 

In our Worldview story, page 64, July, 
headed ‘ Robens to be NCB Chairman’, 
it was incorrectly stated that Mr. Robens 
was adviser on labour relations to the 
Nuclear Power Plant Co, Mr. Robens 
is, of course, adviser on labour relations 
to Atomic Power Constructions Ltd. 
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This impression of the UK’s sixth 

commercial station shows one 

reactor on the left, the second in 

the centre behind the administra- 

tion block and the turbine hall on 
the right 
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Dungeness nuclear power station 


WELVE MONTHS after consent for the 
construction of the Dungeness nu- 
clear power station in Kent was given 
by the Minister of Power, has come the 
announcement by the Central Electricity 
Generating Board that it intends to place 
a contract for the building of this station 
with The Nuclear Power Group. Work 
will begin this month, with the handing 
over of Britain’s sixth commercial nu- 
clear power station scheduled for 1965. 
No radical changes in design for this 
550 MW magnox station were expected 
and none are apparently contemplated. 
The Nuclear Power Group, in its first 
contract since it was formed in January 
this year, will build a station containing 
two carbon dioxide, gas-cooled, graphite- 
moderated, natural uranium fuel reactors 
operating on the same principle as those 
for stations already being built for the 
CEGB. The principal structures will be 
two reactor buildings, a turbine house 
and an indoor switching station. 


The reactors 


The two identical reactor units, of 
approximately 840 MW thermal output 
each, will have an inner core and an 
outer ‘ shell’. The prism-shaped graphite 
core is made up of large octagonal and 
small square bricks and is supported on 
a grid; its equivalent diameter will be 
49 ft 10 in. and it will be 27 ft 10 in. high. 
The ‘shell’ containing this core is a 
spherical steel pressure vessel 62 ft 6 in. 
mean dia., 4 to 44in. thick and having 
a total weight, including core support 
grid, of 1960 tons. 

The vessel is surrounded by a primary 
biological shield of concrete through 
which pass the gas ducts, 6 ft 6in. dia., 
to four boilers. Dry carbon dioxide at 
a pressure of 2831b/in’a is circulated 
between the reactor core and the boilers 
by four blowers driven by back pressure 
steam turbines. 


Turbine house 


The turbine house will contain four 
142-5 MW turbo-alternators with the 
steam and electrical connections between 
reactor units and turbine house being 
taken underground through tunnels. Four 
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boiler shells, which will be site fabri- 
cated, will weigh over 300 tons each and 
will be 72ft high with an internal dia- 
meter of 23 ft 6in. The thickness of the 
plates will run to 3fin. Steam will be 
generated in the boilers at two pressures, 
1418 lb/in?a and 5901b/in2a. All the 
higher pressure steam will be passed 
through the back pressure turbines 
driving the blowers. These turbines ex- 
haust at the LP pressure, and, after 
reheating in the boilers, this steam is 
passed with the LP steam to supply the 
main turbines. The overall station effi- 
ciency when working at these conditions 
will be 32-9%. 


Present orders 


For TNPG, the Dungeness award will 
bring orders on hand to more than 
1000 MW for nuclear generating plant. 


Before the formation of the group, th 
contract for Berkeley Nuclear Powe: 
Station (275 MW) was awarded to AEI 
John Thompson Nuclear Energy Com 
pany and Bradwell (300 MW) was 
awarded to the Nuclear Power Plant 
Company Ltd, Both awards were made 
in December 1956. In addition, the sta 
tion at Latina, south of .Rome, is being 
built by NPPC and AGIP Nucleare. 
The Dungeness station itself is to be 
sited in what is now termed a ‘ conserva- 
tive’ position—away from the main popu- 
lation centres. The nearest town, Lydd, is 
four miles away and has a population of 
just over 3000; Dover is 28 miles away 
and London 74 miles distance. The work- 
ing area of 112 acres (when completed the 
station will occupy 40 acres) will be on 
a shingle, triangular-shaped headland 
projecting nearly five miles into the sea. 





DUNGENESS TECHNICAL DATA 


PERFORMANCE : 


Net electrical output 550 MW 
Heat output per reactor 835 MW 
Efficiency 32-9%, 
Reactor gas bulk outlet 

temperature 410°C 
Reactor gas inlet tempera- 

ture 250°C 
Nominal max can surface 

temperature 442°C 
Nominal max uranium tem- 

perature 563°C 


HP steam _ pressure. at 
blower TSV 
HP steam temperature at 


blower TSV 392°C 
LP steam pressure at main 

TSV 550 Ib/in’a 
LP steam temperature at 

main TSV 391°C 
Feedwater temperature 180°C 
FUEL : 
Number of fuel channels 

per reactor 3876 
Number of elements per 

channel 7 
Overall length of fuel 

element 41-7 in. 
Dimensions of uranium rod 37-6 in. » 

1-10 in. dia. 


Total weight of uranium 
per reactor 

CORE DIMENSIONS : 

Diameter of active core 

Height of active core 


1410 Ib/in’a 


298 tonnes 


45 ft 44 in. 
24 ft 


Diameter of reflector 50 ft 
Height of reflector 27 ft 10 in. 
Lattice (square) pitch 7-75 in. 
GAS CIRCUIT : 
Mean diameter of reactor 

vessel 62 ft 6 in. 
Reactor vessel general 

thickness 4 in. 
Gas working pressure 283 Ib/in*a 
Number of gas circuits per 

reactor 4 
Diameter of gas ducts 6 ft 6 in. 
Power input per blower 7MW 
Overall height of boilers 75 ft 
Internal diameter of boilers 23 ft 6 in. 


Shell thickness (graded) 


TURBO-ALTERNATORS : 
Number of main_ turbo- 


34 in. to 2 in 


alternators 4 
Continuous maximum rat- 

ing/set 142-5 MW 
Speed 1500 rev/min 
Generator voltage 13-8 kV 
Vacuum 28-9 in. Hg 
Exhaust wetness 14-3% 
Total circulating water 

quantity 353,000 

gal/min 

LAYOUT : 
Distance between reactor 

building centres 426 ft 
Length of reactor building 316 ft 
Length of turbine house, 385 ft 


only 
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Sixth annual report of 


YEAR OF ‘ steady progress’ in which 
eed from commercial opera- 
tions came to nearly £M20 and where 
there was a consolidation of effort, are 
the main impressions gained from the 
Sixth Annual Report, 1959-60, of the 
UKAEA, published on July 13. Staff 
increased from 35,260 to 38,500; the 
estimated net expenditure for 1960-61 
is £93,293,000 against £92,433,010 a year 
earlier and hopes for low cost nuclear 
power still hinge on the fast breeder 
reactor system. 


Reactors 

Experiments both in materials testing 
reactors and at Calder Hall have shown 
that the rate at which Wigner energy 
builds up decreases more rapidly than 
had been expected as irradiation pro- 
ceeds. On the strength of this, the Au- 
thority decided to withdraw their recom- 
mendation that fuel channels be sleeved 
so as to raise the bulk graphite tem- 
perature. Work has also shown that re- 
action between graphite and carbon 
dioxide under the influence of irradiation 
was not likely to present problems in 
magnox reactors. But a large programme 
on it has been undertaken in connexion 
with the Advanced Gas-cooled Reactor 
project. 

Recent studies have confirmed that this 
system offers the best prospects for the 
early achievement of competitive nuclear 
power in the UK. A considerable amount 
of work has been devoted to the control 
of large AGR systems. 

The report reaffirms faith in the fast 
breeder system, and a start was made 
during the past year on the study of some 
suitable fast reactor systems for civil 
power production and the optimization of 
the characteristics of such systems. These 
studies will pave the way for the investi- 
gation of the design of a prototype on 
which effort will be increasingly devoted 
in the coming year. At Dounreay, some 
trouble was experienced through the 
formation of oxides in the coolant and 
improvements were made to the oxide 
clean-up circuits. At the conclusion of 
the initial low-power stage, the reactor 
was shut down for modifications to the 
core, involving the fitting of an adaptor 
to part of the core so that other, more 
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the UKAEA 


advanced, types of reactor fuel elements 
could be tested. 

During the last year, in the course of 
the design study of a steam-cooled heavy 
water (SCHW) reactor prototype, a fur- 
ther development of this concept has 
taken place; instead of generating the 
steam in external heat exchangers, it is 
now proposed that the water should be 
evaporated in the reactor core itself. This 
idea of a steam generating heavy water 
reactor (SGHW) offers savings on capital 
cost since the light water coolant in 
the core would contribute towards mod- 
eration and the investment of heavy 
water would be reduced; furthermore, 
there would be no need for external heat 
exchangers. 

The immediate object of a study is ‘a 
reactor using water and steam coolant in 
pressure tubes inserted through a heavy 
water container, steam being separated 
outside the reactor before being returned 
for superheat.’ The combination of the 
two different moderators and the use of 
the boiling principle introduces novel 
problems in reactor physics and stability, 
and the performance cannot at present 
be predicted to the required accuracy. 
Preliminary physics experiments will be 
carried out in DIMPLE to assist in assess- 
ing the feasibility and performance of 
the system. Work has also proceeded on 
experimental investigations of heat trans- 
fer problems in water/steam systems and 
on a feasibility study of a possible pro- 
totype power reactor. 

A decision on whether to proceed with 
the construction of an SGHW will de- 
pend upon the results of this further 
work, which will be reviewed later this 
year, and on the availability of techni- 
cal manpower and financial resources. 

Design studies of possible marine re- 
actor systems continued; the conclusion 
is that reactor systems on known tech- 
niques will not be competitive, Studies 
are continuing on organic liquid-cooling 
and boiling water systems and the possi- 
bilities of steam generating and steam- 
cooled heavy water systems for ships. 

An extension of collaboration with the 
consortia in connexion with other reactor 
systems, in particular with the steam 
generating, heavy water-moderated reac- 
tor, is under consideration. 


« 






For the high temperature gas-cooled 
reactor (HTGC), it might be possible to 
start the system with plutonium rather 
than with uranium-235, the report states. 
Graphite of the required degree of im- 
permeability for canning has now been 
made, but its performance under pro- 
longed irradiation has yet to be estab- 
lished. 


Fuels 

Development of large-scale manufac- 
turing processes for slightly enriched 
uranium oxide pellets has been under- 
taken and already several tonnes of such 
pellets have been successfully made to 
design specification. Negotiations are 
proceeding with Germany and Belgium 
regarding the possible grant of licences 
by the Authority for the manufacture 
overseas of natural uranium fuel ele- 
ments by the Springfield’s process. 

Loss of ductility of beryllium under 
irradiation continued to be of concern, 
but preliminary results obtained during 
the year from the large irradiation pro- 
gramme, were ‘ reasonably encouraging.’ 
Parallel with the development of beryl- 
lium as a canning material, was the 
investigation of the use of stainless steel. 
The development of greatly improved 
heat transfer surface now enables the 
total amount of stainless steel to be 
kept small and mitigates the high neu- 
tron absorption and low thermal con- 
ductivity of stainless steel. 

Uranium stocks will be larger than 
necessary for some years. It is now im- 
probable that uranium producers outside 
the US will make any substantial new 
sales of uranium for the next decade. 
Demand is unlikely to build up again 
until sometime in the 1970's. 


Radioisotopes 

Sales of radioisotopes increased by 
25% over the previous years, to £M1°1. 
Over half the sales (60%) were for 
export, while medical users took half the 
total of 35,000 deliveries during the year. 
Two new laboratories were brought into 
commission at Amersham at the end of 
the year. One is for the synthesis of 
organic compounds labelled with carbon- 
14 or with tritium, the demand for which 
compounds has increased ten-fold in the 
past ten years. The other is for the 
manipulation of radium and_ related 
elements. 


CTR work 

The design of the ICSE (Intermediate 
Current Stability Experiment), is now 
well advanced and orders have been 
placed for some of the main compo- 
nents. This apparatus will be erected at 
the Culham Laboratory which will be 
the Authority’s thermonuclear and plasma 
physics research centre. The first build- 
ing to be built will be for ICSE. 
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Preliminary design studies confirm that 
this system combines many of the ad- 
vantages of boiling and steam cooling 


The spray cooled reactor 


by J. G. COLLIER, B.Sc.(Eng.) 
and P. M. C. LACEY, B.Sc.(Eng.), D.LC., A.M.I.Chem.E., A.M.LE.E., 
Chemical Engineering Division, AERE, Harwell 


1 Aon EVAPORATION is a method of reactor cooling in 
which a mixture of steam and water is injected into the 
fuel channels, rather than single-phase water or steam. A 
spray-cooled reactor thus lies between a boiling reactor 
and a steam-cooled reactor and possesses many of the ad- 
vantages of both. The method was originally proposed (/) 
as an application of the climbing film principle, well 
known to chemical engineers, as a means of avoiding the 
characteristic roughness in power met with in Bwr’s, and 
it has now been studied for some years both in the UK and 
in Italy. 

From these studies and the results of US work on boil- 
ing reactors, a body of information has been built up 
from which it has been possible to make feasibility and 
preliminary design studies. The UK and the Italian (CISE) 
designs both use heavy water moderation and light water 
cooling, the British version being a modification of a 
design for a steam-cooled reactor. Some features of the 
specific designs will be given later, but the general charac- 
teristics of such systems must first be considered. 


HEAT TRANSFER AND FLUID DYNAMICS 
General 


Spray evaporation is only one of a number of possible 
regimes of two-phase flow, any or all of which may be 
encountered in water-cooled reactors under normal or 
fault conditions. For stable operation, it is generally essen- 
tial not to allow the system to swing over into one of the 
adjoining regimes, so it is important to have a clear picture 
of the various possible flow patterns and their inter-rela- 
tionships. 

The primary variable is the ‘quality’ of the mixture 
(ratio of steam flow to total mass flow), and Fig. 1 illus- 
trates its effect by considering the behaviour of initially 
cold water introduced into the base of a tall tube, to the 
walls of which heat is applied at a fixed rate, as in a once- 
through boiler. The water is totally evaporated during its 
passage, so that the quality rises from zero to 100% steam, 
passing through the different regimes in turn. 

In the lowest section, A, the water is simply increasing 
in temperature, and heat transfer is governed by the 
ordinary convective laws. In principle this represents the 
situation in a pressurized water reactor. When the bulk 
temperature approaches boiling point, sub-cooled boiling 
can occur near the tube walls, leading, at high fluxes, to 
film-boiling and so-called sub-cooled burn-out. 
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In section B net-boiling takes place, the mixture consist- 
ing of steam bubbles dispersed in the turbulently flowing 
water—as in a boiling water reactor; heat transfer is 
governed by the well established laws of nucleate boiling. 

Leaving aside section C for the moment, ‘we see that in 
D the steam has increased in proportion to the water to 
the point where it has become the continuous phase, the 
water having partly been displaced to the walls and partly 
dispersed as droplets in suspension. This is the beginning 
of the ‘ liquid-dispersed ’ regime, made use of in the spray- 
cooled reactor concept. Region C represents an unstable 
intermediate condition in which the phases are becoming 
inverted, from continuous-phase water to continuous-phase 
steam, giving ‘ slug flow’, ‘ churn flow’ or ‘ froth flow’. 

In region E, the steam velocity has become high enough 
for the resulting shear forces to begin to disrupt the sur- 
face of the film, yielding a marked increase in the pro- 
portion of spray; in fact the bulk of the water now flows 
in this dispersed form. There is not a sharp boundary 
between D and E. 

Up to and including this regime, the heat transfer co- 
efficients have been very high, and the tube wall tempera- 
ture has not, therefore, been much in excess of the satura- 
tion temperature of the water. Eventually, however, a 
point is reached (depending on the heat flux) where the 
film on the wall vanishes, and the heat transfer coefficient 
falls abruptly, leading to a sudden very large increase in 
wall temperature—the burn-out point. 

Above this point, region F, there is simply a dispersion 
of droplets in the steam—the ‘liquid deficient’ region- 
which changes over to dry or superheated steam in region 
G. This is the condition in a steam-cooled reactor—or the 
superheating passes of a water-cooled reactor. In both F 
and G heat transfer occurs by the normal convective 
process. 

Some of the advantages of the spray-cooled region can 
now be seen. Although heat transfer is at least as good as 
in the boiling region, there is only a small hold-up of 
water, the film being of the order of 0-005 in. thick, with 
consequently only a small effect on the required fuel en- 
richment; and large relative variations in the holdup of 
water will, with the appropriate design, have only a small 
effect on the reactivity. To avoid region B, and the erratic 
and little understood region C, steam and water are sep- 
arately injected at the inlets of the fuel channels in the 
appropriate proportions. 
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Regimes of two-phase flow (Fig. 1) 


Although the illustration shows flow in a pipe, under 
practical reactor conditions the mixture has more often to 
flow in the interstices of a bundle of rod- or even plate- 
shaped fuel elements; but it has been found that the same 
regimes apply (with films climbing up the outsides of the 
elements), though there are complications due to the local 
variations in spacing between the elements. 


The spray-cooled regime 


The governing factors in the utilization of spray cooling 
are: the limits of the regime (burn-out), heat transfer 
coefficients, and pressure drop. Considerable advances have 
been made in recent years in analysing the regimes hydro- 
dynamically, but there are still several incomplete links 
in the chain. For example, in the absence of spray it is 
now possible (2, 3,4) to predict the film thickness quite 
accurately from the pressure drop, knowing the flows and 
the liquid properties; and from this the heat transfer co- 
efficients can likewise be calculated (if rather less accur- 
ately). But the wave motion on the film (and thus the 
surface roughness) is not sufficiently well understood to 
allow the pressure drop itself to be predicted accurately. 
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Further complications arise in the spray region; here the 
film flow becomes greatly reduced at the expense of spray, 
but the proportion of entrained water cannot yet be pre- 
dicted analytically, and the * gas’ density and viscosity are 
affected in a manner only partially understood. There is 
continual deposition of droplets on to the film, which is 
balanced by the disruption of the film into spray, and this 
again must influence the heat transfer at high mass flow 
rates. Lastly, much remains to be understood in the final 
break-down of the film at burn-out, which is probably 
closely connected with the wetting angle of the water and 
other surface tension effects. 

For design purposes, therefore, we have at present to fall 
back on semi-empirical correlations. For pressure drop 
and heat transfer these are based on a quite large accumu- 
lation of experimental evidence, and are satisfactory if 
not extrapolated too far beyond the range of the experi- 
mental conditions for which they were devised (which gen- 
erally includes only tubular or annular geometries). For 
burn-out there are empirical correlations arising out of 
studies of boiling water systems: a large proportion of 
these published burn-out data (5,6), derived for tubular, 
rectangular and annular geometries, refer, in effect, to fault 
conditions where the excessive evaporation has driven the 
system into regimes D, E, and finally F; by appropriate 
selection of these data correlations have been derived (7) 
which relate to the spray-evaporative regime. No data, 
however, have been published relating to bundles of rod- 
shaped elements. 

Details of the various correlations will not be repro- 
duced here—design methods based upon them are avail- 
able elsewhere (&)—but it will be useful to indicate some 
of the functional relationships and typical figures. 

Heat transfer coefficients under spray cooling are so 
high (of the order of 20,000-40,000 Btu/h ft? °F at 1000 
lb /in?) that the precise values become of little consequence; 
temperature differences at heat fluxes of, say, 100 W/cm? 
are only of the order of 10°F; Fig. 2 shows the way in 
which heat transfer coefficient h varies with quality (9). It is 
constant in the nucleate boiling regime, rises steeply under 
spray evaporation, and falls abruptly at burnt-out. At high 
pressures A is raised higher still and so is the quality at 
the burn-out point—thus widening the available operating 
range of quality (although at higher pressures still, above 
about 10001b/in?, the quality at burn-out is lowered); raising 


Variation of heat transfer coefficient with quality (Fig. 2) 
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the heat flux likewise reduces the quality at burn-out, and 
Fig. 3 illustrates the interaction of these three variables. At 
very low heat fluxes region F contracts almost to vanishing 
point. 


THERMODYNAMICS AND STEAM CYCLES 

The main advantage of reactor systems which allow net 
generation of steam in the reactor core is the attractive 
possibility of using the steam directly in a condensing 
turbine-generator set. The direct use of the steam allows 
large savings in the heat exchange equipment and reduces 
the comparatively complex primary and secondary cycle 
system to a unit cycle comparable with conventional 
power station practice. 

Three steam cycles have been proposed for use with the 
wet-steam spray-cooled reactor concept. These are shown in 





high pressure 







low pressure 


Variation of burn-out heat flux 
with quality and pressure (Fig. 3) 






very high 
pressure 


out heat flux 








0 quality na 100 % 
diagrammatic form in Figs. 4a, b and c. In the first cycle, a 
water/steam mixture is fed to the fuel channels in the evap- 
orating region of the reactor, whence the two-phase mixture 
emerges with an increase in steam content. It is passed 
into the steam drum where the steam is separated from 
the water and divided into two streams; part is recircu- 
lated to the base of the reactor by means of a steam 
blower, there to re-entrain reheated condensate from the 
turbine feed heaters, and the remainder (equivalent to the 
steam actually raised in the evaporating channels) is super- 
heated in separate fuel channels in a second region of the 
reactor core and passed to the turbine. This thermo- 
dynamic cycle is similar in some respects to the Loeffler 
cycle (/0) used in a number of conventional power stations. 
It suffers from the disadvantage of requiring steam circu- 
lators—items of relatively high capital cost which are 
difficult to maintain with an active circuit, especially under 
load. 

In the second cycle (Fig. 4b) the steam circulator is 
replaced by a thermocompressor (as has been suggested in 
a recent steam-cooled reactor resign (//)). To operate the 


System using steam circulator (Fig. 4a) 
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Thermocompressor system (Fig. 4b) 


thermocompressor a supply of steam at 1800 1b/in? 
required, and this is obtained from a small steam gen 
erator which abstracts part of the superheat of the main 
steam going to the turbines. Approximately one-tenth of 
the turbine condensate is diverted in this way, the res 
passing to the reactor where it is joined by the steam circu 
lated by the thermocompressor. In principle this cycle 
provides a simple way of saving blower power and avoid 
ing moving machinery, but it has certain inherent limita 
tions; it can only be applied where a high reactor outlet 
temperature and low pressure are employed, and the con- 
ventional thermocompressor or ejector performs satisfac- 
torily only over a limited range of flows. It does not 
normally operate under the conditions here envisaged, 
where the working fluid loses a large amount of its kinetic 
energy, and more information will be required on its 
design, operation and control, especially with regard to 
stability. 

The third cycle (Fig. 4c) is at present the most favoured 
for use with this reactor concept. This is a multipass sys- 
tem. At each pass, water and steam are injected into the 
fuel channels from which they emerge with a diminished 
ratio of water to steam: this is restored by the injection 
of more water before feeding to the next pass. Steam for 
the first pass is obtained from a small generator making 
use of a part of the outlet steam superheat, and the mass- 
flow increases considerably at each pass. Excess water is 
separated and recycled before the steam is passed to the 
superheating channels of the reactor. This cycle has the 
advantage that no moving parts are used in the primary 
circuit apart from boiler feed pumps. 


REACTOR PHYSICS 


Light water/steam mixtures have both neutron moderat- 
ing and neutron absorbing properties, the effects varying 
directly with the density. Consider the case of a spray- 
cooled reactor of the pressure-tube type moderated by 
heavy water. With high values of the ratio of volumes 


of heavy water to uranium oxide fuel (V/V. }—in the 


range, say, 15—20—almost all the neutron moderation is 
carried out by the heavy water and the light water acts 
almost entirely as a parasitic absorber. With lower values 
of V, ,/V,,. the light water begins to play a part as a 


moderator also. Consequently, although at high Paul, 


Ox 
ratios the enrichment needed rises fairly rapidly with cool- 
ant density, with a markedly undermoderated system the 
change is less rapid. 

To gain the maximum advantage from the viewpoint of 
low initial enrichment, the spray-cooled reactor should be 
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Multipass system (Fig. 4c) 


designed with a large V,, |/V, ratio, say approximately 15, 
with a coolant to fuel volume ratio of approximately 2. 
However, in the event of a partial or complete loss of 
coolant in the primary circuit, the removal of the neutron 
absorbing steam-water mixture will allow an increase in 
reactivity of the system. The magnitude of this increase 
will be dependent upon the type and size of the reactor, 
the steam-water density, the geometry of the fuel channel 
and lattice, and a number of other factors. Considering an 
example, for a heavy water moderated reactor 15 ft in 
diameter operating at 15001b/in? with a mean coolant 
density corresponding to 30% by weight, a reactivity in- 
crease of approximately 1% may be expected for a com- 
plete loss of coolant. 

Even this amount could generally be accommodated by 
the temperature coefficient of the fuel plus the control 
rods but the problem may be reduced and possibly elim- 
inated by undermoderation. However, the price to be paid 
for this will be an increase in the initial enrichment re- 
quired and the practical solution will be a compromise 
depending upon engineering and economic considerations. 


x 


CONSTRUCTION MATERIALS 


The two regions of the reactor present different prob- 
lems to the fuel element designer and metallurgist. In the 
evaporating zone, immediately the high velocity steam and 
water mixture enters the fuel channel, thin relatively slow- 
moving films of water form on all surfaces, while a heavy 
dispersion of micro-droplets fills the remainder of the 
cross-section, travelling at about the same. velocity as the 
steam ; surface temperatures are only a little above satura- 
tion. In the superheating region the steam behaves virtually 
as a gas though initially containing a small proportion of 
residual spray, and the temperatures are, of course, sub- 
stantially higher. 

So far as the fuel or fertile material is concerned, the 
choice is very limited, because steam reacts vigorously with 
uranium and thorium metals, and many of their alloys are 
severely attacked. Both uranium oxide (UO.) and thoria 
(ThO.), however, appear to be stable in high-temperature 
Steam and are therefore a suitable first choice. 

In the evaporating zone, the excellent heat transfer 
characteristics of spray cooling ensure that fuel element 
surface. temperatures are always kept below 350°C under 
normal operating conditions, and it is hence possible to 
consider the use of certain non-ferrous alloys as canning 
and structural materials; the zirconium-nickel-iron alloys 
zircaloy-2 and zircaloy-3 appear to be suitable for 


NUCLEAR POWER August 1960 








operation for extended periods up to this temperature. It 
may be noted that should there be a failure of water flow 
to any channel the flow of the steam alone will keep the 
temperature down to the region of 450-600°C, which zir- 
aloy may be expected to withstand for a short period. 

The fuel channel wall, searating the steam/water mix- 
ture from the heavy water moderator, would be designed 
to act as a pressure tube to contain the full coolant pres- 
sure, allowing the heavy water to stay at substantially 
atmospheric pressure and temperature. The pressure tube 
is required to operate at approximately 300°C, so again 
the zirconium alloys can be considered as the structural 
material. 

The fuel channel of the superheating zone, on the other 
hand, would be required to operate under the following 
typical conditions—an inlet steam temperature of 320°C, 
an outlet steam temperature of 570°C and a maximum 
fuel element surface temperature of 670°C with the possi- 
bility of hot spots at 750°C. Whilst uranium oxide is still 
suitable as the fuel material, no non-ferrous canning 
materials are capable of withstanding steam at such tem- 
peratures for any length of time. Only the austenitic stain- 
less steels have been proved for use under these conditions 
and experience with conventional steam plant has shown 
their excellent suitability, provided certain precautions are 
taken. Most suitable are 18/8/1 stainless and 25% Cr-—20% 
Ni alloy steel. However, stainless steels are subject to trans- 
crystalline stress corrosion in steam and, under conditions 
where the degree of superheat is small and trace quantities 
of chloride ion are present, failure may occur due to 
cracking. At present the possibility of stress corrosion 
cannot be definitely eliminated and it is inadvisable to 
allow operating temperatures to come within 50°C of the 
saturation condition, where there is the possibility of local 
concentration of chlorides. 

Although the outlet steam temperature is some 570°C it 
is possible to design the fuel element, using liner tubes, so 
that the metallic pressure tube is not exposed to steam 
above 320°C, and then zircaloy-2 may again be con- 
sidered. As an alternative to the expensive zirconium alloys, 
the aluminium-nickel-iron alloys are being developed. How- 
ever, further testing and development are required before 
these materials can be recommended for use in the con- 
struction of a reactor in which the pressure tubes would 
be required to have a life-time of some twenty years. 

For the external circuit, the choice is wider. For one of 
the reactor designs cited later the steam outlet tempera- 
ture is about 550-600°C, and experience with conventional 
steam plant under similar conditions indicates that low 
alloy steels (1% Cr—-0°5% Mo) may well be suitable. 

It has been suggested that under spray-cooling condi- 
tions deposition of salts or suspended material may occur 
upon the primary heat transfer surfaces in a reactor sys- 
tem, owing to the evaporatic. of droplets hitting the hot 
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surfaces. In the authors’ opinion this mechanism only 
occurs in the liquid deficient regime, i.e., above the burn- 
out point, the regime of high heat transfer (convective 
regime) being characterized by the presence of a thin pro- 
tective film, and evaporation takes place only on this free 
surface. Work carried out in the USSR (/2) on the deposi- 
tion of soluble salts on heat transfer surfaces of high 
pressure boilers, tends to support this view; in experiments 
at high flow-rates, corresponding to a mean coolant velocity 
of 100 ft/s, the appearance of deposits on the pipe wall was 
observed only at steam qualities greater than 70%. Below 
70%, deposition was not observed even at heat fluxes 
above 300,000 Btu/h ft?. 

The induced radioactivity and radiation chemistry prob- 
lems associated with two-phase cooling will be essentially 
similar to those associated with the US boiling water re- 
actors, and not likely to offer any major difficulties. 


SPECIFIC DESIGNS 


Two teams are investigating the possibilities of spray 
cooling in heavy water moderated power reactor systems. 
In Italy, the CISE Laboratories in conjunction with An- 
saldo, the Italian engineering firm, and NDA, are studying 
the feasibility of the concept for a power reactor, under 
a contract within the framework of the US-Euratom 
agreement. In the UK, a limited study of a small reactor 
experiment has been carried out by the Design and En- 
gineering Group of the UKAEA at Risley. An experi- 
mental programme on the heat transfer and fluid dynamic 
characteristics of the system has been under way for some 
time in the Chemical Engineering Division laboratories of 
the Research Group of the UKAEA at Harwell, and CISE 
are also supporting their studies with extensive experi- 
mental work. 

The Italian design concept (/3, /4) is based on a natural 
uranium metal fuelled heavy water moderated system. A 
pressure-tube design has been selected and the fuel is a 
98% uranium-2% zirconium alloy. The reactor operating 
pressure is 800 lb/in* with a steam quality at the inlet to 
the fuel channel of 20% by weight steam, and an exit 
neovy woter 
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TABLE | Fuel element details 


FUEL ELEMENT DETAILS CISE ~ CISE “UKAE \ 
design A designB design 





Power output from centre 1-36 1-67 2:5 
channel, MW 

Maximum heat flux, Btu/hft2 363,000 469,000 370,00 

Mass velocity of coolant, lb /hft2 0-7 X 108 1-0-1-3 X 108 1-1 X 1( 


Inlet quality % by weight steam 20% 20% 15%, 
Outlet quality % by weight 
steam 60%, 60%, 50%, 
— drop along channel, 7-65 14-7 13% pas 
/in? 
Pumping power as percentage 0-67%, 13% 2-759 
of thermal output 
Rating of fuel (maximum), 25 25 30 
MW /tonne 
Fuel life-time (expected), MWd/ 6800 ~. 6000 
tonne 
Maximum fuel temperature, °C 400 400 2100 
Core diameter, ft 20 18 9-5 
Fuel channel pitch, in. 8 8-3 9-3 
Number of fuel channels 660 481 64 
Axial form factor 1-302 1-249 ~ 1:5 
Radial form factor 1-263 1-159 1-88 
Reactor operating pressure, 
Ib /in? 800 800 700 


quality of 60%. The reactor has a thermal power output 
of 714MWt. Zircaloy has been chosen for both the fuel 
canning material and the pressure tube. The heavy water 
is contained in an aluminium calandria separated from the 
pressure tube by an insulating air gap which allows the 
heavy water to remain cool (60°C). 

The thermodynamic cycle used is very similar to that 
shown in Fig. 4a using steam circulators, with the single 
pass through the reactor but no super-heating region. 
After the separation of water in the steam drum the 
saturated steam passes direct to the turbine, which would 
be designed for water extraction between the high and 
low pressure stages. 

Both the core and the fuel elements have some unusual 
design features for a power reactor. The core, which is 
11 ft 6in. long, has an inner D.O reflector 20 in. square, 
in addition to the 314in. axial reflectors of D,O at top 
and bottom and a 40 in. graphite radial reflector, so giving 
an unusually flat radial flux distribution. 

Two designs of fuel element have been investigated. 
These are shown in Figs. 5a and b. The first consists of a 
cluster of seven hollow fuel rods clad in zircaloy-2—each 
surrounded by zircaloy tubes to guide the water/steam mix- 
ture. The tubes touch one another and also the zircaloy-2 
pressure tube. The spaces between the guide tubes are 
filled with dry saturated steam. A metallurgical bond is 
formed between the fuel and the 0-028 in. thick can. The 
fuel rating is 25 MW/tonne and the expected life-time 
6800 MWd/tonne. Further details of the fuel channel are 
given in Table I. The critical size calculations for the 
power reactor employing this fuel channel indicate a core 
diameter of 20 ft with some 660 channels on a square pitch 
of 8 in. 

The second design of fuel element, which is the pre- 
ferred alternative, is shown in Fig. 5b, and consists of 
two concentric annuli of zircaloy-canned fuel with three 
concentric annular coolant flow channels and a solid cen- 
tral zircaloy rod. Originally there were a number of radial 
spacers to subdivide the flow channels, because data from 
MIT had indicated a close inverse dependence of burn- 
out flux on channel hydraulic diameter. However, after 
heat transfer experiments and careful interpretation of the 
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US burn-out data, the engineers at CISE came to the con- 
clusion that burn-out heat flux was only slightly affected 
(and in the opposite sense) by changes of flow channel 
diameter, the radial spacers were therefore omitted. 

Details of the fuel channel are given in Table I. With 
this second more highly rated design of fuel element, the 
maximum heat flux of 469,000 Btu/h ft? allows a minimum 
factor for safety on burn-out of 2°74 using the CISE burn- 
out correlation. 

The short design survey of a spray-cooled reactor car- 
ried out by the Design and Engineering Group, UKAEA, 
at Risley, forms part of a larger investigation into various 
reactor concepts moderated by heavy water and cooled by 
either boiling light water or light steam. 

The scheme examined was for a small power reactor or 
reactor experiment with an electrical output of 30 MW 
and a thermal output of 85 MWt developed from 64 fuel 
channels. The steam cycle suggested is the multipass type 
(Fig. 4c) with three evaporative passes and one super- 
heating. The cycle was based on turbine stop valve con- 
ditions of 615 1b/in*a and 850°F. The main details of the 
fuel channel are given in Table I. 

The reactor core is some 9ft 6in. in diameter and 
11 ft long. Top and bottom reflectors of heavy water each 
12 in. thick and a light water radial reflector are provided. 
Uranium dioxide fuel would be employed with a maximum 
rating of 30 MW/tonne and an expected life-time of at 
least 6000 MWd/tonne. 

As with the CISE design, the fuel elements suggested 
for the UKAEA reactor were influenced by the lack of 
information on spray evaporation with complex fuel ele- 
ments of the multi-rod cluster type in a circular channel. 
Attempts were made, therefore, to arrange the fuel so that 
the resulting coolant passages resembled the simple shapes 
already tested. One of the fuel elements considered (see 
Fig. 5c) was the inverse of a rod cluster, i.e. it is virtually 
a large solid element perforated by coolant tubes. The fuel 
itself is made of hexagonal uranium oxide pellets stacked 
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round nineteen zircaloy coolant tubes, the voids being 
filled with graphite to fit the containing tube as shown. 
Water at the saturation temperature would be injected 
into the steam through orifices below the fuel element and 
separated from the steam after the fuel element in each 
evaporative pass. For the fourth pass, in the superheating 
section, stainless steel sheathed fuel elements of the multi- 
rod cluster type would be employed. Stainless steel sleeves 
around the fuel element ensure that the zircaloy pressure 
tube is not exposed to superheated steam at high tem- 
perature. 

Fig. 6 shows a general arrangement drawing of the 
30 MWe reactor, using downward flow of coolant. 

The designs reproduced above do no more than present 
a preliminary picture of the reactor concept. Much further 
experimental and detailed design work remains to be 
carried out before an acceptable reactor design emerges, 
and so far the system has not been economically assessed. 
Nevertheless, sufficient has been done to indicate that it 
is potentially a very attractive system which warrants 


further study. 
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The concluding article considers overall control and the 


performance required of an automatic control system 


Control of power reactors—2 


by R. H. CAMPBELL, B.sc., A.M.LE.E., Assistant Chief Engineer, 


N THE LARGE POWER producing reactors being built in 
| the UK, control is effected by movement of control 
rods into the core. The characteristics of these rods is 
described as black or grey to neutrons, depending on the 
degree of absorption, the black rod absorbing substantially 
all the neutrons entering its boundaries. 

The absorber material used is boron and its effect (in 
the proportions used) is to embrittle steel, so an additional 
member is needed to take any load to which it is sub- 
jected. A stainless steel sheath serves both for this purpose 
and also to protect the boron steel against the coolant. 
Where rods of smaller absorption are required (i.e. grey 
rods), steel is a suitable material. 

The control rods are used both in starting up and in 
running the reactor on steady load. Most of the reactivity 
change is taken up during start-up and in the period imme- 
diately following, to compensate for the build up of the 
xenon fission product poisons in the fuel during this time, 
and for the change in moderator and fuel temperatures. 
When the reactor has a negative moderator temperature 
coefficient of reactivity (i.e. at low fuel irradiations), the 
control rods have to be kept moving out to increase power 
level because of the coefficient’s self-stabilizing effect. 

The Xe-135 isotope has a high absorption cross-section 
and can absorb a few per cent in reactivity, the exact 
amount depending on the steady flux level at which the 
reactor is running. 

On a reduction in operating power level, the rate of 
destruction of Xe-135 is immediately cut because the num- 
ber of neutrons captured falls with the flux, whereas the 
rate of production of Xe-135 from the decay of I-135 is 
only slightly affected initially. The reactivity absorbed, 
therefore, rises as shown in Figure 2. A maximum is 
reached after a number of hours and this is followed by 
a reduction to a new lower equilibrium level. If a reactor 
is not re-started quickly after a shut-down, it may be 
impossible to achieve criticality until the xenon poison 
level approaches its original value again, i.e. after about 
a day, either because the rate of withdrawal of the con- 
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trol rods, which is specified from safety considerations 
is too slow, or there is insufficient excess reactivity avail 
able to counteract the higher xenon poison level. 

Keeping the reactor critical in face of these xenon and 
temperature effects requires the use of the main bank of! 
rods. When steady conditions have been reached, only 
small changes have to be made. These cover the changes 
in reactivity occurring during steady running and in making 
power level changes over a limited range, and during 
on-load refuelling. In a large reactor, this latter disturbarce 
may be less than the absorption effect of the grab used to 
handle the fuel elements. 

A small number of standard control rods may be used 
for these manceuvres or alternatively, a group of smaller 
rods may be used. In a large reactor with spatial instabi- 
lity, this small group will also provide the stabilizing 
required. Whether it is considered worth while departing 
from the standard control rod for this purpose will depend 
on the extent of the depressions in the neutron flux caused 
by the rods, and the effects of these depressions in pro- 
ducing temperature cycling in fuel channels adjacent to 
control rods. In addition, limitations may be imposed for 
safety reasons on the reactivity held by this group, if 
they are driven by an automatic control. The type of 
flux depressions caused by single control rods in the axial 
and radial directions are shown in Figures 3 and 4. 
Required control system response 

The main criterion on which control system performance 
is judged is that of attaining minimum temperature cycling 
of the fuel. This temperature cycling occurs both over 
the reactor as a whole with gross changes in reactivity, and 
locally in channels adjacent to the control rods because 
of the change in flux depression with the movement of 
the rods. The local cycling is minimized, as described in 
the previous section, by the choice of control rods. The 
design of the automatic system has to be optimized to 
keep the overall cycling as low as possible. 

The disturbances take the form of ramp changes in 
reactivity. Since it is difficult to judge the amount of damp- 
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in. in a system by examination of its response to ramp 
fi. 1ctions, step inputs are normally applied in the optimiza- 
tion of system performance. This can be carried out on 
ei‘her a digital or an analogue computer but much more 
quickly on the latter. 

fhe numerical approach described in the last article, in 
which a number of linearizations and approximations have 
to be made in order to reduce the work to manageable 
proportions, is used to determine the extent of the stabi- 
lity problem and to find the most promising method of 
attack. It is used, for example, to investigate whether phase 
advance alone with control on fuel temperature is likely 
to provide an acceptable solution ; and if so, the probable 
time constants required. 

The separate plotting of the amplitude and phase of 
the open loop response (the amplitude being plotted on a 
logarithmic scale or on a linear scale expressed in decibels) 
produces a very powerful method of determining the effect 
of various configurations of stabilizing networks. A typical 
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response of a reactor system fitted with autocontrol is 
shown in Figure 5. The frequency scale is logarithmic and 
phase margin (180° — phase), is plotted instead of phase. 
A positive phase margin at the frequency at which the 
gain is unity (i.e. gain of Odb) indicates stability. Curve 
A of Figure 5 is the response of a stable system. Zero 
phase margin (curve B) shows that oscillations would just 
be maintained and negative phase margin (curve C) means 
instability. In applying these diagrams it is important to 
remember that they are modifications of the Nyquist dia- 
gram so that all the same rules apply. Figure 6 shows 
that part of the Nyquist diagram close to the (—1, j0) 
point for the three curves of Figure 5. 

The B system could be made stable by lowering the 
gain to give Odb at w, (Figure 5) but even then the degree 
of stability would probably not be sufficient for a reactor 
control which ideally should have a phase margin of at 
least 50-60°. Matters can be improved by use of shaping 
functions such as phase advance. Plotted on the same 
type of diagram, the response of a phase advance term 
K(1 + 100s)/)(1 + 10s) is shown in Figure 7. The dotted 
curve, which gives the true response differs only slightly 
from the asymptotjc curves (the maximum error being 3 db 
at the corner frequencies). It is normally ‘sufficiently accur- 
ate to use the asymptotic response which is produced by 
increasing the slope of the line by 6 db/octave for each 
(1 + Ts) term in the numerator starting at a frequency 
of (1/T) rad/s and decreasing the slope similarly for terms 
in the denominator, With the gain expressed in db, both 
gain and phase of the shaping function are added directly 
to the open loop transfer function. Curve B of Figure 5 
is modified as shown in Figure 8 with the original response 
shown by a broken line. The system which was previously 
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just oscillatory, has been given a measure of stability par- 
ticularly if the gain is decreased slightly. 

In conventional control engineering, the system is usually 
designed to take up its new demanded position as rapidly 
as possible in response to a step change in the input. Some 
measure of under damping is permissible to achieve a 
quick response. This tends to result in an overshoot as in 
curve A, Figure 9, whereas a better type of response for 
a reactor is shown in:the other curve, which is heavily 
damped. The integral of the error (represented by the 
hatched area) is greater than with the underdamped sys- 
tem but this is of lesser importance than the rapid changes 
in fuel element temperature which result from a fast act- 
ing control. 

In optimization studies for an automatic control, step 
changes in reactivity are normally fed in and their effect 
on fuel temperature examined. A typical response for a 
reactor with no phase advance or other stabilizing means 
incorporated is shown as curve A of Figure 10. The 
addition of phase advance of, for example (1 + 100s)/ 
(1 + 10s), produces the more desirable response of curve 
B. It will now be noted that some penalty in maximum 
temperature excursion has to be paid for the better 
response. For any reasonably sized reactivity step, how- 
ever, this additional error is unlikely to be greater than 1°C. 

In these investigations, sight must not be lost of the 
response to ramp functions of reactivity, such as occur 
during replacement of fuel in the recharging process. Here 
it is desirable to keep the error as low as possible and it 
is found that a compromise has to be made between the 
two sets of conditions because the error with a ramp input 
increases as the damping is increased. 
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Control parameter 

Temperature has so far been assumed as the parameter 
by which control is effected. It is the most obvious choice 
because the power producing reactors are run with the 
maximum fuel can temperature held close to its limiting 
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value to give maximum power. The raising of this tem- 
perature much beyond the set limit increases the rate of 
production of faults in the can. The use of fuel can or 
coolant gas outlet temperatures as the control medium 
has a disadvantage, however. There is a substantial lag 
term (measured in tens of seconds) in the transfer func- 
tion relating neutron power and fuel temperature. This 
creates some difficulty in the obtaining of adequate stabi- 
lity. Control on neutron flux instead of temperature there- 
fore eases this problem. In Figure 11, the two Nyquist 
diagrams of a system with control on flux and on tem- 
perature illustrate the greater stability margin with flux 
control. The difficulty of stabilizing a temperature control 
increases as the range of power levels over which the con- 
trol has to operate is extended downwards ; this is because 
the fuel temperature lag is dependent on coolant condi- 
tions in addition to the thermal inertia of the fuel. This 
effect is considerable ; at low flow, for example, the effec- 
tive lag may be seven or eight times the value given by 
considering only the thermal inertia of the fuel, whereas 
at full flow the ratio is only about three. 

From the safety point of view, however, flux control has 
a number of shortcomings, which have so far outweighed 
its better stabilizing properties. Ultimately it is fuel can 
temperature which must be controlled within narrow 
limits. Maintaining the measured flux at a fixed value 
does not necessarily kéep the fuel temperature constant. 
Variations due to change in coolant flow or coolant inlet 
temperature are not compensated for automatically as they 
are with a temperature control; the use of a thermal 
column outside the reactor for neutron flux measurement 
can result in error because of the effect of control rod 
movement in changing the ratio of measured to actual 
flux. This can vary by as much as 5% as the rods move 
out to cancel the effect of xenon after start up. The first 
of these difficulties can be overcome by setting the 
demanded level of flux as a nearly linear function of 
measured coolant flow; but the added instrumentation 
decreases a reliability which is already somewhat lower 
because of the more complex instrumentation required for 
flux measurement. The development of a reliable in-pile 
detector would go some way towards solving this and 
would also be required for a reactor with spatial instabi- 
lity unless two separate control systems were provided, one 
controlling the fundamental on flow or temperature, and 
the other controlling the zones independently on tempera- 
ture. 

For these reasons, control on reactor outlet gas tem- 
perature has been selected for the large reactors. If flux 
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Curve B of Fig. 5 modi- 
fied by a shaping func- 
tion, the original curve 
is shown dotted ( Fig. 8) 
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(Left) Curve A shows response when under-damped, curve B 

is heavily damped (Fig. 9). (Right) Reactor response, A 

with no stabilization, B with phase advance (Fig. 10) 
has to be used in the future because of increased difficult 
in attaining adequate stability in more advanced reacto 
designs, it is likely that a slow acting function of tem 
perature, such as the integral of temperature error, wil 
be added to the flux input to keep the long term contr« 
predominantly from temperature. 

Outlet gas temperature has been chosen in preference 
to fuel can temperature because the measurement is mor: 
reliable and it is representative of a whole channel rathei 
than one element only. The temperature difference and 
time lag between can and gas temperatures are small and 
do not, therefore, influence the choice. 


Automatic controller design 

The control rods used for automatic control may or 
may not be different from those performing the other 
functions. The maximum speed at which control rods can 
increase reactivity is severely limited for safety reasons 






temperature 


Two Nyquist diagrams showing a Gintvel 


system with control on flux and on 4 . 
temperature (Fig. 11) 
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and their linear speed is therefore very low. A considerable 
proportion of the life of the main bank of rods is spent 
stationary and a low speed synchronous a.c. motor has 
been found very suitable for the drive. Speed of the rods 
is controlled from zero to a maximum in either direction 
by variation of the frequency of the motor supply. It is 
a simple matter to arrange for the dropping of the main 
control rods on a trip, by removal of all supplies to the 
motor. If this type of trip is used, it is essential, in order 
to minimize the dropping time, to keep the inertia to be 
accelerated small by using a low gear ratio between motor 
and rod; this also calls for the use of a low speed motor. 

Because of the small amount of reactivity controlled by 
the auto system, it may not be necessary to drop the auto 
rods into the core during a reactor trip. The same con- 
siderations need not then apply to their drives. The arrange- 
ments for providing a variable frequency supply are rather 
cumbersome for inclusion in an autocontrol loop, and it 
is advantageous from this point of view to use a more 
conventional and smaller motor with low operating time 
lags. The motor and mechanism are normally fitted inside 
the pressure envelope so the choice of a smaller, higher 
speed motor eases the motor cooling problem but makes 
the gear box design more exacting, but the loads on the 
gears are light and the use of grease lubrication in a sealed 
box can provide a satisfactory answer. 

Proportional controllers only have been discussed for it 
is considered that the use of an on-off type is undesirable 
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simple schematic diagram of the control loop (Fig. 12) 


because of a tendency to give more fuel temperature 
cycling. To prevent the system following the noise in the 
control signals, the incorporation of a small dead band 
may. however, be beneficial in minimizing fuel cycling 
and wear of the mechanism (see Figure 13). The extent 
of any such dead band is best finalized when the reactor 
is running. 

The simple schematic of the control loop shown in 
Figure 12 shows a conventional phase advance network 
between the two amplifiers. The use of phase advance in 
the frequency band required (i.e. at about 0-002 cycles/s) 
introduces some practical difficulties. D.c. amplification 
has to be used if conventional phase advance techniques 
are employed and the high time constants cannot be 
achieved without very large capacitors or high impedance 
circuits. Care has also to be taken that, because of the 
amplification of the higher frequencies by the phase 
advance circuit, the second amplifier is not overloaded by 
noise in the incoming signals. Other methods of obtain- 
ing the same results are available which make use of only 
a.c. components and the use of such a system may well 
be preferable. 


Automatic start-up 

In an experimental low power reactor, a substantial 
dividend is to be gained by cutting down the time taken 
to start up the reactor, because of the number of times 
start up and shut down occur for experimental purposes. 
But in a power reactor, particularly with on-load refuel- 
ling, start up occurs only after a reactor trip or after the 
infrequent periods of maintenance. The trip instrumenta- 
tion is designed to keep the number of spurious trips to 
a minimum, the total time spent in starting up is therefore 
such a small proportion that the additional complication 
of automatic start up is not justified. Its incorporation 
would entail too, a higher maximum rod speed in the 
outward direction with control of this speed from reactor 
period, raising additional safety problems because the 
maximum rod withdrawal rate is already set from safety 
considerations. 


Station control 

Power reactors are run over their whole range of opera- 
tion with the maximum fuel can temperature set close to 
the limit and so can be looked on as constant temperature 
sources of power, variation in power level being obtained 
by changes in cooJant mass flow. Overall station control 
may be achieved, therefore, by controlling the blowers 
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A response of a stable system 
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directly from a quantity which is dependent on the 
demanded load, such as steam pressure at the turbine 
(Figure 14). Nuclear plants being built for the CEGB will 
operate as base load stations and there will not be required 
to undergo large changes in load. Since the load demanded 
of them will not be entirely constant, a satisfactory and 
reliable overall control system is a desirable feature. 

Theoretically, it is possible to invert the control system 
described above by controlling the rods from pressure at 
the turbine and the blowers from the outlet temperature, 
but this raises practical difficulties and is not so inherently 
safe. 


Reactor shut down 


Ideally, a power reactor will be shut down only for 
routine maintenance of ancillary plant. Although the com- 
ponents of the system are designed to give high reliability 
and duplicate parts are provided, the safety of the reactor 
has to be protected by automatic tripping and shut downs 
are liable to ocur from time to time due to failures of 
parts of the system. 









turbine generator 


Schematic dia- 
gram of the 
overall control 
system (Fig. 14) 


condenser 






reactor 
cirqulator 


feed pump 

The tripping circuits are initiated when a trend is 
observed which, if allowed to proceed unchecked, would 
lead to damage to one of the fission product barriers. For 
example, an increase in the main tripping parameter— 
fuel can temperature—means that the fuel temperature is 
also higher, giving more diffusion of fission products to 
the interspace between fuel and can and increasing the 
tendency to faulty fuel can production. 

To shut the reactor down quickly, if, for instance, the 
power supply to the circulators has been lost and this 
is causing fuel can temperatures to increase, the control 
rods must be inserted rapidly. In the UK power reactors, 
this is accomplished by allowing the rods to fall freely 
into the core. If the design were such that the rods were 
inserted from the side or from the bottom, they would 
have to be driven in, with power derived from some 
energy storage device, instead of gravity. 

As an additional safeguard, a further shut down system, 
with absorber in a non-rigid form, is sometimes fitted. 
Ideally, the shut down absorber should be of gaseous or 
liquid form to ensure entry into the core, but there are 
practical difficulties in retaining these forms in the core. 
Stainless steel balls with about 1% boron have found most 
general use in this application. 

The rapid shutting down of a reactor following the drop- 
ping of the rods results in fast changes in the fuel can 
temperature and in the rapid loss of supply to the grid. 
Both are undesirable features which can be alleviated to 
some extent by incorporation of automatic run in of :the 
control rods under power at tripping levels somewhat 
below those which cause the rods to drop. Should the 
trip be caused by some relatively minor fault, the operator 
then has a chance to correct it and get the reactor quickly 
back on power again. 
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This review of recent advances in- 


cludes a country by country survey of 
progress, economic studies and designs 


Nuclear merchant ship survey 


by J. SPENCER BURKETT, FLA 


ENEVA 1958 revealed that the three 

years between conferences had 
seen considerable progress in nuclear 
ship propulsion; dreams and plans 
had matured to practical designs. 
Whilst the Savannah details (/) sum- 
marized information already known, 
in giving the Lenin (2) paper, the Rus- 
sians revealed for the first time the 
advanced state of their technology. It 
was clear, however, that, although the 
USSR and USA held a several years 
lead over the rest of the world, other 
leading maritime nations were making 
serious attempts to close the gap. 
Japan submitted designs for a 30,000 
dwt 180 MWt submarine tanker (3) 
and a 20,000 ton emigrant ship (4) 
powered with the same pwr core and 
coolant characteristics as the tanker. 
The French contribution (5) reported 
the results of a two-year study on the 
application of the PWR, BWR and GCR 
systems to a 40,000 ton vessel of 
20,000 h.p., but no evaluation was 
made at the time. Views from the UK, 
represented by the British Shipbuilding 
Research Association (6) and the 
UKAEA (7) indicated doubt about 
advantages to be gained from nuclear 
propulsion but both agreed that, below 
20-30,000 s.h.p., such plant was not 
economically attractive. 

Since Geneva, activities have been 
intensified; although no _ further 
nuclear merchant vessels have reached 
the construction stage, many more de- 
tailed design studies have been made, 
particularly in Europe. The second 
German Conference on Nuclear Ship 
Propulsion, held in November last 
year at Hamburg, was attended by 
some 750 delegates, representing four- 
teen countries—twice as many as the 
first conference two years ago (8). No 
new technical data came to light but 
it was an occasion for extensive dis- 
cussion on practical feasibility and 
economics of established principles. 
The Philadelphia Nuclear Ship Con- 
ference last April, sponsored by the 
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Atomic Industrial Forum in coopera- 
tion with the USAEC and the Mari- 
time Commission, followed similar 
lines, and dealt extensively with econo- 
mic evaluations and problems of safety 
and liability. With the coming sea 
trials of Savannah and her prestige 
voyage to the world’s principle ports, 
these latter problems have been the 
subject of very close examination by 
the UK Government, the International 
Atomic Energy Agency and, most re- 
cently, by the Intergovernmental 
Marine Consultative Organization at 
its London Safety at Sea Conference 
(9). 

In Britain, interest is now focused 
on the two reactor systems considered 
the most promising—the indirect cycle 
boiling water reactor and the organic 
moderated reactor. 

In Western Germany, five groups 
are working in the field of nuclear 
marine propulsion, The one that has 
made the most headway is the Geselle- 
schaft fur Kernenergie Verwertung in 
Schiffbau und Schiffahrt mbH, GKS, 
a Hamburg company constituted from 
33 firms representing a wide range of 
German industrial and financial in- 
terests. It is mainly interested in OMR 
application and preliminary design 
work, which was done by the joint 
US-German company ‘ Interatom’ and 
largely financed with government help 
(£125,000), has now been completed. 
Based on an Atomics International de- 
sign, the Hamburg project calls for 
10,000 h.p. to power a research ship, 
the purpose being to gain experience 


Nuclear Power Group 
(AEI-John Thompson 
and US General Electric) 
Mitchell Engineering 
Fairfield Ship.- 
Combustion Engg. 
Babcock & Wilcox 
Hawker Siddeley OMR 


English Electric- 
Atomics International OMR 


\ Indirect BWR 


Indirect BWR 


rather than build a tanker that would 
be economically competitive. The ori 
ginal plan was to instal the reactor 
in the 16,000 ton tanker, the Esso 
Bolivar, but since the conversion cost 
(£M1-8-—2°5, including reactor) was esti 
mated to be £500,000 less than the con- 
struction cost of a new vessel, a new 
15,000 ton tanker is planned that will 
not only be used for the Interatom 
OMR, but also for the BwR of AEG 
and the Siemens pwr, one after the 
other. Construction is scheduled to 
start in the summer of 1961 with com- 
pletion by 1963 (//). 

Siemens-Schuckertwerke AG, work- 
ing with the shipbuilding company 
Howaldswerke Hamburg AG, are con- 
centrating their studies on a 70 MWt 
reactor, half the cost of which 
(£128,000) is coming from the Federal 
Ministry. The Allgemeine Electrizitats- 
Gesellschaft, AEG, a licensee of the 
General Electric Co. and Deutsche 
Werft of Hamburg, is working on 
BWR type reactors, principally of 60 
MW output. In the gas cooled field 
are Brown Boveri-Krupp AG who, 
together with AG Weser of Bremen, 
intend to build a high temperature gas 
cooled reactor, and the firm of 
Deutsche Babcock and Wilcox, in 
association with Blohm and Voss, who 
have a 52 MWt design. Other work 
is being carried out at the Hanover 
Technical College under Dr. K. Illies, 
with particular emphasis on gas-cooled 
systems (/2). 

In France, the three feasibility 
studies briefly mentioned at Geneva 


UK DESIGN TENDERS 
July 29, 1960 
Indirect BWR 


Galbraith design 1959 
82 MW direct BWR 
547°F 1000 lb/in? at turbine 


156 MW indirect BwR 
496°F 635 1b/in? at turbine 
180 MW PwR 

447°F 4101b/in? at turbine 
56 MW OMR 

710°F 465 1b/in? at turbine 


none 
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were handed in to the French Atomic 
Energy Commission early in 1959. 
Société Alstom and the Société des 
Forges et Ateliers du Creusot were 
responsible for the boiling water pro- 
ject; a pressurized water design was 
given to the Société Alsacienne de 
Constructions Mécaniques; while the 
Indatom group studied the graphite- 
moderated, gas-cooled reactor. The 
last concept was selected and the 
French authorities decided to develop 
a land prototype at Cadarache where 
the same plant could be used for ex- 
periments with different types of core, 
liquid coolants and moderators. 
Dutch interest is centred on the pwr, 
and both the Stichting Kernvoortstur- 
ving Koopvaardijschepen group, SKK, 
and the Reactor Centrum Nederland, 
RCN, have projects underway. SKK, 
a foundation composed of shipowners, 
shipbuilders, the Delft University, the 
Foundation of Applied Physical Re- 
search and RCN, proposes to install a 
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PWR (probably American) in an exist- 
ing 16,000 ton tanker. Use of this 
plant is not envisaged for propulsion 
but merely to power auxiliary services 
while at sea. RCN is separately en- 
gaged on a 60 MWt design with con- 
struction scheduled to start in 1963 
for operation by 1965/66. 

Development of nuclear propulsion 
in Denmark is the responsibility of 
Danatom, an association of some 50 
firms. Their current design Alpha, a 
PWR project, envisages a 65,000 ton 
tanker that will operate alongside two 
conventionally powered ships, diesel 
and oil fired, to facilitate comparative 
studies to be made (26). 

Pressurized water systems are also 
favoured in Italy where Ansaldo and 
Fiat are studying the application of a 
74MWt reactor to a 70,000 ton tanker, 
with the reactor likely to be built 
under a Westinghouse licence. Cantieri 
Riuniti dell’Adriatico, Italy’s second 
largest shipbuilders, may also enter 
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this field as they have a 10-year col- 
laboration agreement with Babcock 
and Wilcox of the US. 

The main interest in nuclear pro- 
pulsion units in Norway and Sweden 
lies in the boiling water system. The 
Rederiatom group, composed of 19 
Norwegian shipowners and the Institutt 
for Atomic Energy, IFA, is making 
preliminary design studies on an in- 
direct cycle. The Swedish Gétaverken 
Shipyard design is for a 65,000 ton 
tanker using’a direct cycle. Kockums, 
who have already conducted tanker 
evaluation studies into the various 
concepts, seem to favour the BWR. 
The advanced gas cooled reactor is 
not being ignored; it is receiving the 
attention of both the shipping and 
engineering firm, Johnson Lines, and 
the turbine firm Laval-Ljungstrém, as 
well as the Swedish Shipbuilding 
Research Foundation. 

Twenty designs have so far been 
put forward in Japan, by independent 





CONTAINMENT FUEL COOLANT STEAM 
OUTPUT, POWER, core (i), reactor vessel (ii), type (enr.) pressure (Ib /in*g) pressure (Ib /in*g) 
MWt - s.h.p. containment vessel (ii!) cladding temp. In, temp. Out temp. (°F) at tur- 
Burn-up(MWd/t) (°F) flow (Ib/h) bine flow (lb/h) 
PWR 
Combustion Engineering for 82 30.000 (i) 52 X 44-8 in. UO, (5-4%), 1985 600 600 
USAEC 1960 (25) (ii) 34 ft (d.) < 48 ft ss, 13,000 Out 620 238,300 
6 X 10° 
Danatom ‘Alpha ° 83 25,000 (i) 53 X 59in. UO, (4-5%), 1574 426 45] 
1960 (26) —27,500 (ii) 7 ft 3 in. (d.) X 19 ft ss, 8160 500 (average) 
(5 in. thick) 66°F (rise I-O) 
(iii) 38 ft (d.) X 1°5 in 
BWR 
Direct cycle 60 22,000 (i) 56-9 X 66:5 in. UO, (2°1%), 1000 980 546 
US Gen. Elec. prel. design (ii) 7 ft 6 in. (d.) X 30 ft Zr-2 (0-33 in.) Out 546 192,718 
Dec. 1958 (3-625 in.-1250 Ib/in*g) 10,000 5-412 X 10° 
(GEAP-3088) (iii) 39 ft (d.)-160 Ib/in?g 
Direct cycle 78-5 30,000 (i) 60 X 60in. UO, (3-1%), 1000 980 546 
US Gen. Elec. (ii) 8 ft (d.) X 27 ft ss (0-018 in.) Out 546 233,230 
April 1960 (28) (iii) SO ft high 13,200 255,480 
Indirect cycle 77-4 =30,000 (i) 69 X $8 in. UO, (321%), 985 690 603 
Westinghouse (ii) 7 ft 10in. X 27 ft Ss 510 636 287,000 
April 1960 (30) (ili) 34ft * 5S ft 11,820 
OMR 
A.I. May 1959 93 30,000 (i) 60 X 60 in. UO, (3-7%), 50 450 650 
(NAA-SR—3859) (ii) 9ft 3in. X 21 ft lin.  AI-AILO, 62( 675 219,810 
(1-5 in.-300 Ib/in*g) 10,000 11-3 < 10° 
Corlett & Hawthorne 64 20,000 (i) 69 X 60 in. UO, (1°6-1-8%), 90 630 620 
1959 (31) (ii) 9ft Din. X 27 ft 6in. ss 563 646 196,910 
(iii) 38 ft < 38 ft 10,000 4-7 X 10° 
(1-25 in.) 
1. H. Hannover 40 9,150 (i) 61 X 54 in. U (1°8%), 81 603 486 
1959 K. Illies (20) (ii) 6 ft X 12 ft Al 554 590 
2500 
Interatom and SKS 30 10,000 (i) 53 X 587 in. U-3° Mo- 105 785 516 
1960 (30A) (iii) 32 ft 10 in. X 41 ft 0-1% Al S72 612 68,000 
(1-15 in.) (2%) AlIMg 4-1 < 10° 
GCR 42 10,000 (i) 75 X 67 in. UO, (3%), N, oa = 
l. H. Hannover Be 456 
1959 K. Tllies (20) (ii) 12 ft 9in. X 9ft 10in. 4000 738 1200 
GEC 
Hartnell-Beavis 55 20,000 (i) 72 X 72 in. UO, (3%), co, 600 850 
1959 (35) (ii) 15 ft 7 in. (d.) ss (0-010 in.) 385 
(3-5 in.—385 lb/in*g) 500 1020 
HTGCR (ili) 44 X 37 X 35 ft (1°25 in.) 
General Dynamics 53 22,000 (i) 77 X 77 in. UO, (7%) He 
1960 (33) (design pr. 11501b/in*g+) 


Out 1300-1350 


* For tables of leading parameters for earlier designs—see T. W. F. Brown (20) and K. Illies (2/) 


NUCLEAR POWER August 1960 


79 











companies; all of these envisage the 
use of either the pwr or the BWR. 
The 17,000 ton emigrant ship project, 
discussed at Geneva, was taken up 
early in 1959 by the Osaki Shosen- 
Mitsubishi Joint Committee, who stated 
that construction would take 44 
months and cost £M6-6 (£MI1°5 for 
the reactor), but confirmation of the 
go-ahead is still awaited. The most 
likely development is a small experi- 
mental ship, possibly starting this year 
and sponsored by the Japanese Atomic 
Energy Commission through their 
Nuclear Powered Vessel Division. 
Other types of vessel under considera- 
tion for the first nuclear vessel are an 
emigrant ship and three different sizes 
of oil tanker. The latest move was the 
visit by the Japan Nuclear Ship Com- 
mission, initiated by the Japanese 
Atomic Industrial Forum, to Europe 
and USA, for the purpose of choosing 
the most promising type of reactor; 
the PwR seems the most likely choice 
because of the greater experience avail- 
able. 

With the Savannah project near 
completion, the USAEC are now 
anxious to get under way a second 
project for a 43,000 dwt tanker, ready 
for sea by 1964. Although the three 
design studies—a direct cycle Bwe, 
an indirect cycle BWR and a PwR 
have been released and evaluated, it 
is not thought that funds will be 
granted this year (/3). 

The Maritime Gas-cooled Reactor 
Programme, which started in early 
1958, for the development of a nuclear 
power system holding the best long 
range competitive promise, is being 
undertaken by General Dynamics 
Corporation. Based on the HTGCR 
concept, this reactor is to be coupled 
with the closed cycle gas turbine. Pro- 
gress to date includes research on fuel 
elements and heat exchangers, and the 
construction of a critical facility is 
going ahead with completion §sche- 
duled for 1964. 


Cost studies 


Of the many comparative cost 
studies made, the most comprehensive. 
so far, is the American-Standard pro- 
ject undertaken for the USAEC (/4). 

Within the framework of the 
assumption that all nuclear plants are 
fully developed and operational, the 
systems that offer the earliest oppor- 
tunity for achieving a competitive posi- 
tion with conventional ships are the 
OMR and BwrR. In view of current 
and expected near-term maritime prac- 
tice, the report considers that ore car- 
riers have the greatest economic poten- 
tial for nuclear propulsion. Tankers 
and general-cargo ships, in that order, 
are the next best types, with passenger 
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and passenger-cargo vessels having the 
least potential. Long trade route dis- 
tances and high speeds favour nuclear 
application with the competitive posi- 
tion likely to improve by 1965-1970. 

Benford (/5) criticises the basis of 
these cost conclusions as _ putting 
nuclear power into a _ deceptively 
advantageous light. His study of 
attainable costs for nuclear fuel and 
machinery indicates that nuclear pro- 
pulsion is not commercially competi- 
tive within the foreseeable fu'ure, ex- 
cept for the high speed passenger liner 
engaged on long voyages. 

Roddis (/6) also criticizes American- 
Standard’s conclusions as somewhat 
misleading for they show that at least 
ten years of intensive development are 
necessary before any of the reactor 
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Fig. 1 Atomics International marine 
OMR 


5. Borated H2O tanks 
6. Coolant outlet 
2. Fuel elements 7. Reactor vessel 
3. Control rod drive 8. Thermal snield 
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systems studied could even begin to 
compete with any well designed con- 
ventional ship of optimum speed. 
Kinsey and Bowker (/7) reached sub- 
stantially the same conclusion and con- 
sidered that even if the most advan- 
tageous fuel cycle and refuelling pro- 
cedures could be developed, and oper- 
ating costs of the order of 0°25-3d 
s.h.p.-h could be achieved, compared 
with 0:4-0°45d/s.h.p.-h for the con- 
ventional 65,000 dwt ship, relative sav- 
ings were still inadequate to offset the 
present estimated capital cost of any 
of the systems studied. This conclu- 
sion may not necessarily apply to 


installations of higher power in larger 
ships such as high speed passenger 
liners. 

The more recent study by the 
USAEC of three different types cf 
water-cooled reactor systems (/3), spe- 
cifically considered for installation in 
a large tanker, more or less agreed 
with other critics, although it cor- 
cluded that the BWR direct cyce 
would result in the lowest capital and 
operating cost. It also appeared to 
have the greatest potential for cost 
reduction in the future, when a more 
competitive performance could be ex- 
pected from a second or third core 
loading with fuel fabrication costs re- 
duced from the present $86 to $7 
kgU and fuel expocure extended fromm 
13,200 to 16,500 MWd/ tonne. 

Edwards (/8) considers that power 
below 10,000 s.h.p. is out of the ques- 
tion because, instead of competing 
against the steam turbine plant, nuclear 
vessels are up against the diesel with 
its particularly high level of efficiency, 
low fuel consumption and low running 
costs. Small reactor systems should he 
the target as large reactors increase 
problems and costs all round. The spe- 
cific weight of an oil-fired geared steam 
turbine system was about 160 Ib/s.h.p., 
that for a highly enriched nuclear sub- 
marine 100-150 Ib/s.h.p., but a slightly 
enriched nuclear merchant — ship 
accounted for some 300 lb/s.h.p. 


Design comparisons 

Useful design comparisons have 
been made recently both in the UK 
and in Germany. T. W. F. Brown (/9) 
reviews marine propulsion machinery 
developments and looks at the trend 
of changes in the near future. Leading 
parameters taken from published litera- 
ture of most known nuclear ship de- 
signs, show that the Pwr, the only 
type now at sea, gives steam condi- 
tions at the turbine of 400-500 Ib/in° 
saturated—conditions well known to 
turbine designers more than 30 years 
ago. The BWR, Operating on an in- 
direct cycle, gives similar steam con- 
ditions but, with the direct cycle, much 
higher pressures become practicable, 
and superheating, although difficult, is 
possible. Although the cheapest reac- 
tor at present for marine use, the 
OMR may be ruled out as a long-term 
project. 

Looking further into the future, gas 
or steam cooled systems offer no 
fundamental bar to the attainment of 
much higher turbine steam conditions 
and helium is favoured because, apart 
from its relatively good heat transfer 
properties, it has a small optimum 
pressure ratio. 

Using almost the same published 
sources, Illies (20) makes more detailed 
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comparisons including studies’ of 
materials, coolants and moderators, as 
well as fuel cycle performance and 

st relations. A table of comparative 

arameters is also given but it is more 

detailed than Brown’s. 

Kinsey and Bowker’s study of 
marine reactors (/7) was initiated to 

estigate the possibilities of the 
GcR for tanker application so that 
factors most influencing capital and 
fuel costs could be analyzed. Five 
reactor systems are considered. The 
two gas cooled designs, one graphite 
and the other heavy water moderated, 
provide superheated steam to the tur- 
bines at 850°F 615 1b/in?, whilst the 
OMR provides superheated steam at 
559°F 225 lb/in?. The two light water 
systems, the BWR and pwr, provide 
saturated steam at 600 lb/in? and 450 
lb/in? respectively. 

Apart from any other consideration, 
it is clear that for containment struc- 
tures, the two gas cooled designs are 
the largest, the AGR being also the 
heaviest and most expensive. Similarly, 
the reactor core vessels are both 
heavier and more costly than those 
for the light water and organic moder- 
ated systems. 

Conklin (2/7) draws similar conclu- 
sions. Due to high pressure steam con- 
tainment and material corrosion prob- 
lems, the total reactor system of the 
BWR is 20% greater than that of the 
OMR. Not only is stainless steel inter- 
nal cladding necessary, but a carbon 
steel containment shell is also required. 
The principal cost differences of the 
PWR are caused by its indirect cycle 
which requires additional steam gen- 
erating equipment. 

With the Gcr, the reactor vessel is 
about seven times the cost of the 
OMR, internal fittings and graphite 
about ten times, and shielding some 
15°% more. With the same power rat- 
ing the total GCR system is estimated 
to be 50-60% more than the omrR. 

On the future use of plutonium, pre- 
liminary investigations have been made 
of the plutonium-burning fuel cycle. 
Richards (22) considers that it has 
advantages over the present HTGCR 
concept. With the eventual use of 
ceramic materials promising to retain 
fission products at really high tempera- 
tures, development may well lead to 
gas turbine application. 


Pressurized water reactors 

Since the US Maritime Reactor Pro- 
ject was initiated in September 1957, 
much information has been released, 
both by the Oak Ridge National 
Laboratory and Babcock and Wilcox, 
on various stages of the Savannah's 
progress. Apart from reports covering 
the primary shield design, reactor core 
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physics and containment pressure ana- 
lysis (23), the most pertinent at the 
moment are those concerned with 
safety analyses which aim to prove, 
at some length, the absolute safety 
of the system (24). 

Looking towards a reduction of 
capital costs, Combustion Engineering 
recently made a study showing a num- 
ber of improvements on the Savannah 
design (25). These include higher core 
temperatures without a concomitant 
increase in the primary system design 
pressure and an increased steam tem- 
perature, leading to improved reactor 
plant efficiency 

The higher temperature of the prim- 
ary coolant system, 620°F (Savannah 
—521°F), permits the use of a super- 
heated steam cycle. Other significant 
advances are the zoned core which 
reduces the gross radial power peak- 
ing factor, and the use of the neutron 
rectifier type of control element which 
minimizes local power peaks. 

Higher coolant temperatures and 
improved steam conditions at the tur- 
bine stop valve are also indicated in 
the Danish tanker design (26) which 
employs a Savannah-type Pwr of 83 
MWt. Danatom’s comparative study, 
Alpha, on three tankers of 65,000 dwt 
showed that the relative transportation 
cost/ton of cargo, on the route, Per- 
sian Gulf/Cape/UK, was 60s. 6d., 
47s. 2d., 42s. 8d. for nuclear, turbine, 
and motor tanker, respectively. 


Boiling water reactors 

The BwrR is a leading contender for 
competitive nuclear power because it 
uses a thermal cycle of unparalleled 
simplicity. Permitting the coolant to 
boil in the core not only leads to a 
substantial reduction in pressure, from 


200 lb/in? to 10001b/in? but, by 
natural circulation, eliminates the need 
for pumps and associated equipment. 

In General Electric’s preliminary 
design for a 22,000 ship study (27), 
it is shown that the propulsion sys- 
tem can be manceuvred from 100% 
steam flow full ahead to 100% steam 
flow astern in 10 seconds, and that the 
estimated maximum reactivity change 
due to the ship’s motion could be 
equivalent to moving one of 21 con- 
trol rods less than two inches. 

To explore more fully the economic 
potential of this marine BWR, designs 
were directed towards a 60,000 dwt 
tanker application, and then later in 
1959, towards further design improve- 
ment for use in a 44,000 dwt tanker (28). 
The result of this study was used by 
the AEC in its recent comparison of 
three water reactor types for possible 
prototype development in a nuclear 
tanker (Fig. 3.). 

Although it was found that in- 
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Fig. 2 Westinghouse indirect cycle BWR 


creased cycle efficiency and reduced 
capital costs came with the introduc- 
tion of oil fired superheat, they are 
offset by the increased nuclear and oil 
combined fuel cost and by the reduc- 
tion in cargo capacity due to oil super- 
heat fuel storage. 

The reactor design offered can fol- 
low a load change from 20 to 100% 
in 80 seconds and provision is made 
for by-pass dump of up to 100% steam 
to the condensate in the event of more 
rapid turbine load changes. 

The Westinghouse indirect cycle 
design for the latest USAEC tanker 
project (29), at a design rating of 77-4 


3 3. Control rods 
2. Reactor vessel 4. Condenser boiler 
5. Primary shield tank 


Fig. 3 General Electric direct cycle BWR 
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MWt, produces 415,000 lb/h of prim- 
ary steam. This reaches the turbines 
as 287,000 lb/h steam at a pressure of 
6381b/in?g and temperature of 603°F. 
Although the system has a high ther- 
mal efficiency and low fuel cost, capi- 
tal costs are sufficiently higher than 
conventional ships to make the overall 
economies of the indirect cycle BWR 
unattractive for ship propulsion, at 
least as far as American flag vessels 
are concerned (Fig. 2). 


Organic moderated reactors 

The direct simplicity, characteristic 
safety, potential economy, and ease of 
operation of the OmR, in spite of the 
present temperature limitations and 
thermal instability of the organic heat 
transfer medium, have recommended 
the system for maritime application. 

Two designs are being tendered this 
month in the UK for a 65,000 ton 
tanker ; another project is being pur- 
sued in Germany by the GKS of 
Hamburg for application to a re- 
search-training vessel (30A); in Sweden, 
Asea are undertaking a joint study with 
Kockums. In the main, these designs 
have been very much influenced by 
Atomics International who conducted 
its first marine study early in 1957. Its 
most recent study (30) was designed 
specifically for the propulsion of a 
60,840 dwt Class T-7 at 30,000 s.h.p. 

The reactor uses uranium dioxide 
clad in extended surface aluminium 
powder metal (6% Al.O,, 94%, Al) and 
is capable of operating at 800-900°F 
surface temperature and with 14,000 
MWd/ton average burnup. Super- 
heated steam is produced at the rate 
of 220,000 Ib/h at 450 Ib/in2g /650°F. 
Capital cost is 50% greater than an 
oil-fired plant, but the cargo-hauling 
cost is only 20%, greater and it is anti- 
cipated that many cost savings can 
be expected (Fig. 1). 

A recent UK study (3/), after making 
a comparison of families of conven- 
tional and nuclear ship designs for the 
routes UK-Australia and New Zea- 
land, concludes that a 64 MW plant, 
enriched to 1°6-1:8% and giving a 
steam flow to the main engines of 
160,380 Ib/h, is commercially attrac- 
tive. Although of advanced design, it 
is a practical one that could be con- 
structed and put into operation within 
five or six years. 


Gas cooled reactors 

The Marine Gas Cooled Reactor 
programme in the USA, which was 
initiated in February 1958, began in 
mid-1956; a year later, feasibility 
studies were completed from which it 
was concluded that considerable de- 
velopment was required both on the 
reactor concept and the closed cycle 
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gas turbine system. The programme 
also has the broader objective of ex- 
panding and advancing the Gcr tech- 
nology above 1300°F, for it is only at 
these temperatures that the closed 
cycle plant can compete with the steam 
turbine cycle in over-all efficiency (32) 
and achieve a simple, compact and 
lighter power plant. 

The General Dynamics project aims 
at building a land-based prototype by 
1964. For this 53 MW reactor, helium 





1. aux. gas inlets; 2. thermal shields; 3. barrier 
bolts; 4. th. barrier flange; 5. gas passages; 
6. insulation; 7. th, barrier support ring; 
8. deflecting ring; 9, support plate; 10. th. 
barrier and core support; 11. support grid; 
12. drain; 13. gas passage; 14. gas_ inlet; 
15. gas outlet; 16. pressure vessel; 17. core 
cover; 18. p.v. head; 19. access to th, barrier 
bolts; 20. control rod thimbles 


Fig. 4 General Dynamics MGCR 


has been chosen as the coolant having 
the greatest potential. Graphite was 
originally scheduled as moderator 
material, but beryllium oxide is 
favoured for a substantial reduction 
in cost (33) (34) (Fig. 4). 

GEC’s 20,000 s.h.p. design analysis 
(35) shows advances over the earlier 
Galbraith design. New stainless steel 
annular fuel elements permit a power 
density of 270kW/ft® at 400 1b/in? 
reactor-inlet pressure, which is seven 
times that specified for the beryllium 
canned elements in the AGR. Together 
with other improvements in fuel ele- 
ment geometry, the new design repre- 
sents a considerable reduction in the 
specific size and cost of gas cooled 
reactors. 

Stainless steel canning is also speci- 
fied in the 52 MWt reactor of Deutsche 
Babcock and Wilcox. This design 
attains an inlet temperature of 572°F 
and an outlet of 1022°F, giving steam 
at the superheater outlet of 842°F. 

The gas steam reactor concept has 
also been studied (36) (37), primarily 
with the objective of putting an ad- 
vanced type of reactor into a con- 
verted tanker within a relatively short 
time. The design considers a helium- 
cooled graphite moderated plant gen- 
erating superheated steam at 600 Ib, 
in? at 850°F. The use of more sophis- 





ticated loading techniques and cerami 
fuel elements can bring the fuel cosi 
down substantially. 


Safety considerations 


Ship reactor design is well advance: 
but the main consideration is reacto 
safety (38). Unlike the land-based re 
actor, control of design standards an 
of ship movement has to be on a 
international basis, and questions o 
liability and insurance become so ver 
important (39-4/). 
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Pressure Vessel 


THREE HUNDRED participants from 
17 countries attended the recent sympo- 
sium on reactor containment buildings 
and pressure vessels organized by the 
Department of Mechanical, Civil and 
Chemical Engineering of the Royal 
College of Science and Technology at 
Glasgow. Twenty-two papers by UK and 
American workers were presented. 

A significant proportion of the papers 
dealt with the elastic analysis of thin 
shell structures. It appeared that future 
pressure vessels are tending towards a 
cylindrical shape with hemispherical ends 
and a corresponding shift of the em- 
phasis of future research work on shells 
may be anticipated. Where loading can 
be accurately defined it is possible to 
obtain a reasonable correlation between 
theoretical and experimental stress dis- 
tributions. Due to the present lack of 
precise knowledge concerning _ blast 
effects and missile penetration, consider- 
able work is required in this field. One 
point made was that those working in 
the field of stress analysis should main- 
tain a much closer liaison with mathe- 


Symposium 


maticians in order to be sure of making 
the best use of available mathematical 
tools. Furthermore, theoretical research 
should be initiated, where possible, on 
mathematically rigorous lines; when con- 
firmed by experiment, such basic theories 
could then be simplified where appro- 
priate to facilitate their translation to 
design data. 

Because it may not be possible to use 
existing cooling devices and insulation 
techniques efficiently at the higher tem- 
peratures foreseen for gas-cooled reactors 
and, moreover, since maximum shell 
thickness would be limited by practical 
consideration to approximately Sin., it 
was generally held that the responsibility 
for solving problems arising from more 
stringent operating conditions rests ulti- 
mately with the metallurgist. Slightly im- 
proved mechanical characteristics and 
more chemically pure steels can be pro- 
duced by electric furnaces as opposed 
to steels in use at the present time manu- 
factured by the open hearth process. It 
is probable, however, that the answer 
lies in the use of alloys, together with 


Medical Electronies 


THE THIRD International Conference 
on Medical Electronics, organized by the 
Electronics and Communications Section 
of the Institution of Electrical Engineers 
in association with the International 
Federation for Medical Electronics, is 
being held at Olympia from 21*27 July. 
The conference is expected to be larger 
than the first two which took place in 
Paris. 

The Medical Electronics Exhibition 
taking place at the same time at Olympia 
will be the first fully comprehensive ex- 
hibition of its kind in the world. There 
is a growing interest in the specialized 
field of medical electronics and this is 
shown by the keen interest of overseas 
exhibitors. Some measure of the keen 
competition expected is the news that 12 
Japanese firms are exhibiting. Other 
foreign exhibitors are from the USA, 
France, Belgium, Germany, Eastern 
Germany, Austria, Italy, Switzerland and 
Denmark. Altogether nearly 50% of the 
Stand space has been booked by overseas 
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firms, outnumbering the British  ex- 
hibitors. 

At the conference, between 100-150 
papers are being read and the list in- 
cludes the following subjects which are 
of some interest to nuclear specialists: 


- instrumentation in medicine and _ bio- 


logy; medical electronics in space re- 
search; isotopes and radiology; and 
ultrasonics and microwave radiation. 

Among the English exhibitors, Nuclear 
Enterprises (G.B.) Ltd. are showing a 
whole body radiation monitor. This is 
their NE 8102A model (see New Products 
this month, p. 103). 

English Electric Valve Company Ltd. 
are exhibiting high-powered magnetrons 
and klystrons for use in linear accelera- 
tors. They also have on show a pro- 
totype storage device whereby a method 
of selecting and storing a single frame of 
a television-type picture will be demon- 
strated. The storage time can be several 
hours and the picture can be erased in- 
stantaneously. Specific applications have 


heat treatment. Research work in this 
field is already under way and further 
problems are being investigated, such as 
the effect of long-term stress-corrosion 
and the mechanics and chemistry of the 
initiation and propagation of cracks in 
thick: plates. 

A noticeable interest was shown in 
the use of reinforced (or pre-stressed) 
concrete as a containment medium but it 
was emphasized that its use would re- 
quire highly stringent site control of con- 
crete quality and emplacement. The most 
important disadvantages of reinforced 
concrete stem from its inability to with- 
stand high temperature gradients and 
present ignorance concerning its leak 
tightness efficiency. Pre-stressing could 
overcome these to a very large degree, 
but it is possible that reactors housed in 
such containments might well have to be 
designed to operate at less efficient con- 
ditions of temperature and pressure. The 
present philosophy appears to be that 
concrete is an attractive medium only 
when the contents of the pressure circuit 
are not retained in the containment build- 
ing. Where gases are retained under pres- 
sure, a continuous steel membrane is still 
advisable. 

In the concluding session, attention was 
focused on the need for a design Code 
of Practice for reactor pressure vessels 
and containment buildings. There was 
general support for such a code but the 
need for further extensive research on 
full-scale structures and on the metallur- 
gical aspects of the problem was 
stressed. 


not been explored but it is considered 
that this device will be of use in teaching 
hospitals and for radiologists. 

The Atomic Weapons Research Estab- 
lishment of the UKAEA is demonstrat- 
ing seven of the instruments they have 
developed. These include a simple inte- 
grating gamma monitor weighing 2 1b 
for radiation therapy and survey work, 
two instruments for measuring Pu-239, 
and the Phantoscope—a new analyser 
for rapid routine radiation investiga- 
tion. The equipment on show includes 
some completely transistorized assemb- 
lies. 

Marconi Instruments Ltd. are show- 
ing their large screen X-ray Image 
Amplifier. This instrument has had ex- 
tensive clinical trials and has _ been 
installed in several hospitals. The tech- 
nique, employing television, greatly re- 
duces the radiation dosage when detailed 
X-ray examinations are undertaken. 

Among the exhibits shown by AEI is 
a model of the ‘Orthotron’ Series II 
4-3 MeV linear accelerator. The Series 
If equipment has a higher energy than 
the Series I (4-3 MeV compared with 
4 MeV) and incorporates improvements 
in design detail. AEI are also showing 
a model of the ‘Orbitron’ cobalt 
therapy equipment which uses Co-60 as 
the source and produces radiation equiva- 
lent to that from an X-ray tube working 
at three million volts. 






83 


































































csekmnmeail 
Qo 
SSIXW 94M 9/8 4 
yuM urw/s}uNOD ¢-| > MP Z-7 (Q) oa 
‘dd “Ul p Ul puNoIsyoRg 8 ponuyUuN Ol s SL+/ss 007 £00 007 Oss uaso[eH/V/9N SBM) s9plos OL BOTW (®) e4-4ID t-1 TE XO tSIXW = 
PIP 8L-T (9) 
Ob = pamwuyun ,Ol*s< $0 sLt/ss ost §=70-0 Ost = 00 uasojeH/V/9N SBv1 I9PIOS = §-€-$-T PSI (P) 44D «OE SS SEL orl XW 4 
PIP $7 (Q) 
0061 ol poyuyun s 10 SLi sss Os sto Ost Os9 uaso[eH/V/9N =394UN} apouUY—-¢-T-S-1 POW (P) e4°ID 9-~ 89st tTiIXW A 
“‘PSIXW ] 
eqn 3/8 yun posn 2 
ust url /sjunOS |> r 4 
"Qd “UL p UL puNoIdye s payunjun Ol * ¢ si+/ss Ost £00 00t = OSS uasoyeH/V/2N S8ej 1apPjog 0-7 4D OE TE HT TSIXW ~ 
Sz powutjun Ol * $0 SL+/ss $6 70:0 StZ 00S usso]eH/ V/2N S8v1 J9PjOS 0-7 e4-4D 9-¢ SS Sst 8hlXW > 
OZ = pauuuN 4 OIXS< 70 SLt/ss ofl = S10 001 00¢ uasojeH/V/9N dg OP-S-£ B AID BE TILN OE 801XW re) 
PIP 6-0 (q) 
0t poyunyun 4. Ol *s $0 SL+/Ss SL 70-0 $tZ Ose uazo0jeH/ V/ON €-Z BOW (®) e4d-ID Or OS * OL-1 LeIXW > 
“W70g juad 
-IND pepuswWwoOse: xe « 
*30]99}9p yuoIIND uPRsU PIP $¢9-0 (q) < 
B se pesn aq osje ABW Ose $:~ Ppoewunjun ,Ol*s 1-0 SL+i/ss 09 S1-0 OO! Os9 uaso|eH/V/9N bp 1-0-1 POI (®) x4-4D 0-7 98x LT:1 £1IXW ‘PIT P2PTIOW _ 
‘Dy ND Ajyetsedsa adojaaua U 
‘uonRIpel-xX ABI9U9 MO} eIp g-1 (q) ssv[3 oust adury Mopulm = 
JO s0Wa}9p se papudiuy «OE 1X E OlXS STO OF + /07 Osz 1-0 0OZT = OOS MMBUIOY [AYIA/Y Spray 21qQIKI]4 (v) — -Bpos ul a4 Ol x2 O-P1 » OZ IvX z 
(q) jaddos 
+98 OlX€ OlXxb S70 OS +/0z 0% 1-0 0OZT OOST APWIOS [AYIZ/Y D4 M APOUY () parrd-in = 7-€ aBury MOPUIM Laz 
ayPULIO} (q) jaddos x99-L* 0-56 
#Sf OlX€ Olb S70 OF! /0Z Os! 1-0 00 = OOS I 14y19/9H/VY AIM Apouy pT () parrid-in = 0-7 waz 
d1VULIO] iaddos (6€1IZAD) 
+6 Ole Ol*9 Sz7O OS! /0Z Ost 1-0 00Z = 00S I Ay9/9H/V IM Bpouy p-Z pareid-in SI asury mopuim | STWHA 
“AMANOR Blaq JO Arsse jaddos X9 1-9% PS-Z (RE 1IZTAD) 
ay} J0y pasn AjjeusoU +01 Ol<€ sOlX9 Sz7O OS + /0Z 001 1-0 0oz = OS EI yy 1AYIA/Y 4M apouy parrid-in = 9-7 two 
a48 SSRID SITY} Ul SJaIUNO) saddos odury Mopuim 
*xadsi9q *9 rOl*t sO1*9 00! 1-0 Ost OOF! = aRUOY [AYIA/¥ asm Spouy pareid-n sl XPS HST a1bPNdD PIT 04D 
‘ul f+qd ww ce Ul, 
‘Su 9/e ul uw S19jUN0D MOPUIM PU ‘| 
wnod | jo punoisyorg 
QW | urw 
mAY urw sjunos Ou/A ASMA wid “4921S 
yawunu/sy3unod)  ‘aLva s1unN0d) «= MA JO ~ Al% A iDV TIVM/MOGNIM (q) wo 
syunos Gd “LNNOO “sar “ddqOO “SONVU STI "MA “XV “NIN “~LIOA ONDA SNOLLOANNOD ,Ww9/S3ul “SSaNNOIHI IVINALVAW uo “HLONG1 vid WaHWON 
SNUVWaAN ALIALIL “UI ZNI GIGNIW FAOVAAIAV ‘“dWal “dwal LV IW idO1S *“HLONGT ONI svo IWoOMLlow GNV TVIWALVAN AOHLVOD “HLONGI SNOISNAWIG id Al WaAWALOVANNVA 
“ISN3IS GNNOUD -WOOdWd IOVUFIAV avaa WALV Id OVILV Id -MHOM TIVM/ MOGNIM (PB) TIVaaAAO Susy tova 
VAWVD -NOVE XVW “ONVAW 
S49ZUNOD 4TPINW-4293195 | IVIL 
aw ne ao $9/qe} 94) JO UONRIIdWOS dy) SULINP SUOISSNISIP [BIDADS Ul UOT aInsud O} Apel Uddq sey WOYS A1DAd YFnNoy ye ‘10}D9}Ep Ie[NIy 
SUOCIZNGU [ENPIAIpU! -R19d 009 JIDY) 10} SIDINIOEJNULW SNOLIVA JY) O} SNP se syuRY | -ived Aue JO} UOTROYyIloods eB BuNNNsUOd se Ppopieddl oq JOU 
jo aBessed 243 yom parelsosse siuaaa uolssy ‘J9pso ue MOTOS Aja yeIPSUUT [JIM Pinoys eyep sy] snyy “sJ0}D9}9p ev ZuNdI]as UDYyM [Njdjay sow 
OY2 IUNGD OF [essIeWs Jjquucjssy YIM PsI8od AJOALAP BY] Pownsse dq JOU PjNoyYs 7 Jey) OS ‘1OIN}OeFNULW dy) ase asdy} souls pajonb oie siojowesed snoleA dy} JO sanjea 
2148 S9PO1III/9 FY] “SABquMIeYS UO!JEZIUO! asiNg ‘y Aq play aie syoojs jjeus Aroa AjuO puke suoneoydde pazipeisads aseioae Ajuo sased Auew uy ‘sidinjovjnuew pesaaas Aq pasayo 
‘uoneipes ewwes o2 anp Ajulew aq 10J pousisop sie sway AuewW “IDADMOH, “OJOS JUSWIdOl[OADp St jonpoid jeonuop!: AjjenuRysqns e& sased [eJOADS Ul YsnNoYIe 
IM asuodsas ay3 UayM pazeOrUN Iya; aq ABW JO 1oywny jNoyWM UOHONpod ou! ynd aq UD YoIYM JO ‘UOTONpoOld ‘AOUDIUDAUOD JO} 19Y4I030} podnois useq sARY JOINJORJnueW 
Ayisuazul xny uosNaU URaW suNseaw O} jeIIaIeW ut Ajjuosind st yonpoid oy) yey} poule}qo Udeq sey sdUvINSSE yoro Jo sjonpoid oy) uolstAIp-qns Aue ulyIIAA “palins ysoq 
a/qeuoIssyy 40 UOJOG YIIM pazeO> aq Aew sapol) ue YoIyM JOJ popnjoul useq sAey sodA} ssoy} AjUG ‘opewi si aie s10}9}9p oy) YsIyYM JO} UONRoYydde jUDIOyIP 94) 0} puod 
-D3j2 Sy, “SAsqweYy? UO!JeEZIUO! JUasIND URI; ‘f ad10yd [eUYy d10J9q Pansuod aq Ajqvsajoid pynoys oyM ‘191N) -$91109 Ajasoj> YysiyM ‘sodA} JUdIdYIP OUI POPIAIP-qns si 3[qQeI 
‘uoneipes -oejnuew oy} Aq UMOP pie] suOTIPUOD poxy JopuN payesodo yoryg ‘saponse oasoyy sjuawajddns Asains juasoid sy] ‘(6S6l 
-~ ABiaua moj pue ‘suozeipes snouaZoupdy wo SI 10}99}9p 9Yy} UDYM PU posn si snjeredde sa} payloads usyM aung ‘Aep ‘judy “qa.4q ‘a1owasoo7] pue Avid) YaAMOd AVATONN 
suojoid yo j109a4 Aq suosjnau ysey “4g si Suny Ajuo Ajdde Aew poajonb sonsiiajoeseys ayy ‘s}onpoid s19y) jo UL A[JUdDAT POMOIADI DOM SONSLA}DeIBYS IIOYy) pue ‘padoj[oasp 
se3 242 USYM SUOIINGU /BW4IY JO UO!ID9IIEP 34) SaneUasoidal SI SJOINJOVJNUBL LOI] POUTBIGO UOTJBULIOJUL Jey) usaq SAeY JO}IIJIp UOHeZIUO! sea JO SWHO4 LNIMaddIG ANVW 
JO} FQeIeaAe ase asayj “s4azuNOd jeuoljiodoig “7 
‘sajdwes sed pue pinby ‘pijos ui Ayianse ewwes 1P“ieH AWAV “SDV “°S'd “FYOWASOOT UM Aq ASAINS Vv 
pue Biaq jo Aesse ay} 10; ‘ssazUNOD AajjNp-sasiey “| 
, v V © 












uid apis 0ys adojaaua 

*SIXe ©} Ja][esed sUINJOA | OSTE poyooye [Ayia/¥ apoyo sse[s xdihdg uoqireg 
aanoe umMop Ajjeusajur O4IIM POAdI[sS | adojaaud 
suns 2qn} pepus-usdO ; OSIT [oyooje [AyI2a/y Buo[—ospouy ssej8 xoihg uoqiry 
*soqn} JoINO “ja]UE yw | 
Ayoedes pinby ‘erp wiwi | asrq adojaaud 
xqay 9qny sseys [eussjuy] : ’ : OPI  joyooye [Ayia/y uld-p ysnug ssv[d xa1hg uoqiey 

"saqn} jJayIno pue 
W[UI YM yoxORL Pasojs ‘prt 
-ua Ayioededs yey yyM adojaaud S31U041999]9 
yng ‘aAoge QPF O} JP[IWIS ; | { OOLT poyooye [Ay12/V¥ suid joys sse[d xd1hg uoqiey) eZ 9W4 Aimusa 4107 

ssajquno) MOY pInbry “p 


Ayioedeo jul /] 
Ol OOIT § joyoore |AuIa/ suid 140Y4§ SZ SSBID (¥) uoqgiey OST TIW 
ajqeunowsp 
“Avior deo [Wi 6 
‘suid pid 110Ys OM} OF eOl Oot! joyooye [AyIs/¥ suid woys ST SSPID (®) uoqgiry 6-61 *%¢-7 9Wwa 
Sr cae ee 4 0067 tg see uao]eH/V/9N suid 404g SZ SSPID (RP) pratds 24-49 HOW 
Jaddojs ssejd - punois e Ayordes ju 6 + (SPIZAD) 
PIIPAR ‘i x ( 
aie ends, Uaehee one - 01 OOTT joyooye jAyIe/ Vv suid yoys SZ SSBPID (*) uoqiry § SIxvZ OW 
i. ’ rn , Ayordes ju ¢ prl 
-punois eB Aq _ pasojsua aseq V7 "RIP 0.1 (Q) (aseq Suipnyoxa) (988ZAD) s21U0.4399]4 
8} OUINJOA ofdures st H7I 01 $ SLe uasoeH/V/9N aay Surg SEP SSPID (B) [Raids 94-45 9OLX ET HZW Aanquad 4107 
XW 24) uy “aIQeYyoRIOp ™ 5 : ’ 
St pue jurof sse[s-punois 19ddojs YUM 
B Ul SaJBUIWIID, = jITYS Ayoedes [ul 6 
243 9G 24} Uy “apoyo powuiyun : : Str uaso[PH/V/PN suid 140Y4§ ST SSBID (8) pads 9-4-4D StT*TE bTIXW 
9y} opisyno sords sejnuuR Ayiordes jw 6 
oy) Ul poulRjUOS oq Avul pouijun ; ; ; ; str uadoje py /V/9N suid j0Ys ST SSPID (eB) Raids 94-15 SRIXS-Z 10/b7IXW 
ajdwes pinbiy & 3eYy} Os Ayoedes jw ¢ 
* ALAS, SSe[Z B Aq papunos aseq W7d eip 0-1 (q) (aseq Zurpnjoxa) 
“ANS Sf UONDAS |[BM-UIY) OY L popuiyun , »S 00F uasojeH/V/9N 9a] Suljjog EL SHIH (Be) [esids 94-15 SO1*X€-7 Thi XW PPT PARTI 
$19}UNOD BIaq s[dwes pinbry] “¢ 


Ol « | aanqiode (q) aanqiade YIM 
006£ rOl* oA 00! Sle usdojeH/V/PN Spe] A[GIX2]4 OS-SP SSFID (B) =: 9BYS 9-4-JD S-bl 


\ 0002 rOlLX€ ol ; ; 001 
‘aseq ou “RIP WIoyIUy f OOSE 1OLXE oO1 > 00! 00r f  - UABOIRH/V/PN = SPPI] AQIXI]4 SE-ST SSUID (¥) f [PsIds 94-4D £01“ 81S Hid 
PIP §- 1-9-1 (9) (aseq Buipnjoxa) (€PIZAD) 
; Zz aiewoy [Ayla/y aseq [P19 ssf (e uoqie. Z£ Z 
-988q 9A]BA [e190 PaRpurIs +01 Ol 007 Ostt Oj [AY V seq [PIO OP-St 1D (®) iv) stTE*~8 I ytd 
eB alepouwosse 0} Wd . , , , gore , sua iv is o4- > 
a * ha Ol oO! 00! Slt uadsO0[PH/V/9N aseqg [F190 IGS 94-4) H7la 
$-€ 0} pUd UO IR SasvasDUT ‘ : vip g-1-9-1 (q)) aseq Surpnyaxa) (ror AD) 
JDIWPIP BY} UOISIS SI) 7 ayeuw uj ase 19 SsPICy (P) f u ? 7 7 
ul S1a1UNOD xIS Is4y 9Y) UY Ol mu 007 OOtT } OJ [AYI9/ V q [F190 st-Ot ID (®) oqie) sOT* Sl rat: | 
Bp ald age Sic ec ag ta 101 01 001 SLE H9d ‘pry 
ages Shapes apres ussojey/y/< aseg [RID P 8.1-9.1 (q) peutds a4-45 (aseq Suipnyjoxe > (OFIZAD) $91U01193]4 
JO spinby danse OU! BuId - ” 21K! | y aseq 1e19 c7 sseIn (e& > xo c , = 
-dip io} papuaqut ase pur 0067 +01 Ol 007 OOLT JEULIOS [AY aseq [2190 STZ SSEID (B) uoqieyy Svlxs-l 9G AIMIUeD 4IOT 
‘uN das [je UTY? Je[NGN} P g-1-9-1 (q) jeaids (aseq Suipnyoxa) 
B sary ssz}UNOD aso ooze pau 01 00! str usso[PH/V aseg [PIO SE-ST SSEID (P) asIM 94-4) Stl 8 £fIXW “PIT P2PIINW 
SI9JUNOD Kiaq [JEM JELNQN) UIY] “Z 








dro . osury MOpUuIM 

007 OOET ayeLUsOY [AYI9/ Vy pus spouy ‘Tv (8) nD pored-iIn x9 8-L* OS 4SM4 
a1PULIO} 29 fury MopulMm 

007 oof | [A4y19/9H/V pus spouy €-] POA (eB) ND pareid-I_n XI 8-L* OS PSM 








1960 


aseq RIP ¢-z (Q) 
001 «009s UaBOTeH/V/PN —sRIDO FRUIG--¢-Z—S- 1 POH (8) ; $-O1X L€ HEM 


aIPULIOJ RIP p-7 (q) adury MOpUIM (6£1IZAD) 
007 OOS I 14q)9/9H/V SBvL p- 7-9-1 BOW (eB) ND parvid-In > ‘x9 8-9* SZ 37M 
“RIP p-7 (Q) adury Mopulm (8€1ZAOD) 
007 OSE aPUOY [AYI9/¥ sv] L‘1V (®) ND parejd-In ’ x9 8-9X GS-7 Q7MA 
DPWIOJ PIP p-7 (Q) asury MOpUuIM | 
007 00S I [Ayi9/9H/V SPPO] PIQIXA]4 OE -O-T BOT (B®) AD PaleiG-In X9 89x OT PTMA 
RIP p-7Z (q) adury MopuIM 
007 OSEL sEUWUOS [AYIB/Y —- SPRO] AIQIXATA ‘Tv (2) nD pared-In “2 €-6X 6-2 aTMa 
“Bu O/e ul aPULIO} RIP p-7 (Q) adury MOpUuIM 
ulu/junoD | puNoIsyoRg 007 00s! [Ay19/9H/ WY Speay ayqrxay4 €-S-] POW (BR) ND pareid-i_ x9 E-6*S-7Z WMA 
*“MOPUIM J9AO 
10}9010.1d aznes payeld-in adojaaua 
yum ‘jayoei jooud-ys0ys Bip 0-7 (q) ssa 
quaidoaNY «ul =pasojsuq poyunypun 5 uasojeH/ V/ON a ST-OL SSPRID (®) ul 84-49 $-ZI HSOMG 
adojaaua pit 
RIP ¢-0 (9) sse[a ofury MOpUIM Sd1U01393]9 


popuryun S IPH) VPN , Ol sseIH (8) Ul 84-4I) x9 §-O1 < $-T HraWw A4muay 4107 











NUCLEAR POWER August 


AS1IUD MO] JO S4101DA}9P SE ooo! uss0|eH/AM 
Pepusjur sie saqny sseyt : 4 0071 : HIV 1o1 spouy 











CCINMW eqn 7k Ip 82-7 (9) 





- COU; TM) 





















=_— _ _ nal —_ ail * a7 we Pek FSS 
SI9IUNOS JUSIING UPB *Z 
oe eemensne 
00r Olé Ol ! os oOo! 1-0 007 OPLE = ayeunoy |AyI9/¥ S8vq 19pjos sstig sstig $8 TS6* RE sD \ 
< Ul « vi i Os 00! 1-0 007 OPLI = AIBULIOJ [AYIA, ¥ SSP) JIPLOS sstig SSeIg ts 8 PO*~ Bet tsO. o 
adojaausd o 
01X66 OOF OIXE 101 70 8009 oor = S1-0 001 SLE usdo[eH/V/9N sdeo pug pew Pee e4-ID 09 OSL™ B£ H09D ro 
edojsAua | — 
= 00r Ol *¢ 601 c Os + /0Z 001 1-0 007 OOET sPUIIOS [AYIA/ Vy sdeo pug sse[3 xo1Ad pes] 09 OSL > &£ 4d09D | 
: adojaaua (6~IZAD) v 
. 00£ Ole 01 ra Os + /0Z 001 1-0 007 OOTI =aetUOY [AYIE/ V sdeo pug = xOIAd uoqgiey 09 OSL* BE 09D 3 
edojsaaus 
‘ rs i) 
$97 vOlxe 001 zt Os + /07 00! 10 007 O6I1 = ayeuos |AYIE/¥ sdeo puy ssv[3 xo1hq uoqliey Lb 0:09 « 8-¢ L¢9O 3 
adojaaua | < 
stt  OlXE AI Z 0s +/07 00! 1-0 007 OO! aRWOY [AYI2/V sdevo pug SSB[B xXoIAg uoquey 8£ 0:05 = 8-€ sto 
adojaaua (aseq *dul) ae 
Ost lx 001 I Os + /0Z oOo! 1-0 007 OO] FeUIOJ [AYIO/Y 9seq UId-p Cg SSPIB XIkq peo] 97 SSE 8-E 4d97D w 
adoyoaus (aseq ‘out) | 
Oo! vOlxe Ol 4 Os + /0Z 00! 1-0 007 OOT ayeuts0y [AYIA/Y = aseq UId-p oY sse[s xo1hd uoqiey 97 S-SEX8B-E 97D) 4 
odoyaaus (aseq *ul) (L87ZAD) Oo 
0079 Ov rOl XE 0:01 70 8609 +/Ss Os! $10 001 Ose uas0]PH/V/9N SBv} JOPlOs SSB[B XBIAdg e4d-4D ra 0:07 * 6:7 2HOID D4 
adojaaua (aseq “Sul) 
Ov vOlXe 601 ~ 09+ /0Z 001 10 007 OOTT areunoy [AyIA/Y = aseq Uld-p og Ssv[B xo1kq uoqie) ol 0-07 * 9-7 o1o 
edojaaua (aseq Sul) | ax 
~ 09 sOlxet 001 I 09 + /0Z oOo! 1-0 007 OOLL ayeussoy |AyIA/Y -aseq UId-p Cg SSRI xo1kq pes] ol 0:07 * 9-7 4d01D < 
adojaaua (aseq *ou1) | vt) 
0079 Ov sOLXE oI 70 09+ /Ss Os! Sl-0 00T O8t uasojeH/V/9N seq Uld-p og Ssejd xo1hd e4-ID ol 0:07 9-7 HOID) -! 
adojaaua (LeIZAD) UV 
00S6 $9 sOlL XE 01 7-0 09+ /Ss 00! $10 001 sie ussojeH/V/9N sdeo pug sed xoIhd P4d-ID 7 0-9T* £7 Ht79 | 
adojaaua (11PAD) Zz 
$9 OIE OF 1 os+/oz 00! 1-0 00Z = COE. A7BUIOY |AIA/'V sdeo puq yn aes aero v7 SLTXE:7 rae) 
sago]saAus 
: €¢ Ot) ae 01 I OS + /07 Oo! 1-0 007 OOF] aeUOS [AYI9/V sdeo pug ssv[d xo1hq saddoy tl SIX €-7 w1O 
aseq W7a adojaaua (aseq *Sul) 
OSbZ 0z VOIX E 01 70 09 + /ss OT! S10 oOo! Slt uas0/eH/V/9N ao] Burl/og a - xodAd o4- s STI O¢€ Hs9 
sdadO][sAUS 
Oszt o£ sOl<€ oI 7-0 09+ /Ss 001 $10 001 O8E usso[eH/V/9IN SPP] 9/QIX9]4 ssvj3 xo1kq e4-ID ol 8 bl bl HOIOW 
aseq adojaaua (aseq “Dul) 
0S6 ol Ol XE 0:01 7-0 09+ /SS ool st-0 001 Olt uasoye@H/V/9N OWVATH Uld-p ssv[d xo1hq e4°-ID 4 O1xL:1 HtD ‘PrT 
aseq adojaaua (aseq ‘oul) s91Uu01199/4 
. | rOl* Et Ol l Os + /07 OO! 1-0 007 OOLL = MeUOY [AYIA/Y  DVATH Uld-p sse[a xo1kq peo] t OlxX LI QdbD Ainqusy 4YI07Z 
"Gd ‘Ul » Ul puNoIsyoRq , uD 
“ESI XW 40J 9qn} psend d/e 08 poyunjun 4.01 xs . Si+/ss 0001 0-0 00r 0001 UsB0/PH/V/ON sdeL waw OSL %4-4D 84-4) 0-608 SSIXW 
‘Gd “Ul » UI puNOIByoeqG ,u9d . 
“TSIXW 405 9qN} pseNs 9/e 08 PouuUyUN oOLX Ss SL /ss 0001 90-0 00r 000! uaso[PH/V/ON step /wBw Og, 94-4 a4-4D 0-6 0-8 bsIXW 
"yayout jooid-yooys aseq V7 2 WD (9PZZAD) 
susidooN =I pasopUuy = OS ZZ 07 powunjun oO «Ss 7-0 SL+ iss ol S10 00! 00Pr usdo0[B@H/ V/9N ao7 Burjog = /wBw o7¢ 94-1D a4-4D SP TIES OF STIXW 
sOlXe-T SL powuUNyUN 4.01 <s 1-0 $i+/ss 061 1-0 OO! 00r UdsdO[eH/V/IN = SPI] FI QIX9]4 84-ID 24-15 eZ LT*StTZ SPIXW 
vOlLXT1 OL powuyUuN VO1Xs 1-0 SL+/SS 061 01-0 00! 00r VadO[eH/V/PN SPk2] I1GIX9]4 e4-ID 94-4) tz st*STT 9SIXW 
“L0O/OTIXW URW 
Joysry sow 6.7 SreMUes | 0006 Ov POMUNUN oO] <¢ 10 SL+/ss 061 sto 00! 00r UsdO[PH/V/9N SPI] IIQIXI/4 NM vl LIXS$¢-Z IPIXW 
I€i-l jo YORSRep sy) 0089 Ov PoHuUyUN Ol x ¢- 1-0 $iL+/ss 061 Si-O 001 00P UdTO]EH/V/IN SPP] 9/G!X9]4 e4-ID 94-4D bl LIX$?¢-Z 10/OTIXW 
40} IPIXW JO AdusIoyg : arith) 
07 powunjun 4 O1xXsL s$-0 SL+ iss SL 70:0 Stz Ost uaso[eH/V/9N PIOS Su OST 94-4D 94-4) OF OS LT OPIXW “PIT PAPIICW 
apoyies 
adoyaaua uoqirs 
*‘punosdy9eq popjarysuy OOTl OIXE OlXT os + /0 00r 1-0 007 OOET = sRUIOS [AYI9/¥ aseqg [2190 Ssv]3 ouut|-Epog JBUIINIXA sel OST * 8 ostD 
(L87ZAD) 
st powunyun 40 z-0 Or + /ss ra | st-0 06 Ost usdo]eH/V/9N Be) oS adojaaua ssejy 94-4) Tl S-61> 67 HOTI 
yayorf jooid 
aseqg uld-z -yooys susid 
VCH °-OPN UI PpesojsuS (LbZZAD) 
Poyuiyun oO} 0 OS ss tra | S1-0 06 S8t uadojeH/V/PN ao] Bulljog adojaaua ssejH e4-ID s S-Tl* OF HOs PVT OAD 
SJOJUNOD BUILURL) “9g 
odury eIp 7-0 (q) 
v mu l 007-0s I 1-0 OL OSL SPOYIED *pvs| 2 UID OL * T-0 PIPPION 
DPULIOJ [AYII/Y ZIQIxay spouy Bul (Op Ss (e) ss re | 8:1Z* 8-7 MIN 
osury eIp ¢-0 (q) 
‘9/pe0u Ss oy) JO pus v vOl 1 OST-OS I 1-0 OL Osd ; SPOYILD “pes| 7d - OL * £-0 21P9ON ; 
ay} ye SI DUINJOA dane SBULIO] [AYI/Y IQIxey spouy BU OR Ss (P) ss rae RIT* STZ JIN 
OL “Pezipssis Ajayajdwuios esury PIP €-0 (9) pri 
oq AeW ‘suoneoydde , Spoyres “peLs] 2 UD SI» €-0 21PPPN S91U01}99/F 
onsouseIp pure [eoIpouw v v1 I OST—-OS I 1-0 OL Osd HRULIOS [AYIO/Y IIGIXay 9pouy Bui OF Ss (P) ss rae 8-97 * ST GIN Asma 4I0T 
JO} pepusur ‘sssj}UN0D 
ruwes BIeq DINIeIUIP SIDZJUNOD IIPIAN, “Ss 
AOW I urw 
~(Wq uruw sjunos >./A A ‘MA wid ‘aZIS 
y Jw urw /syun0S “aLvu sjuno>) MA jo > A/° A IDV TIVM/MOCGNIM (qQ) wd 
syunos Gad -LNNOOD “gait 4430) “JONVU S17 “MA “XV “NIW ~LIOA ONITMA SNOLLOINNOD ,W9/3WI “SSaNNOIHI IVIMALVN wd *“HLONGT via wagWaAN 
syuvVWay ALIALL “UI Z NI GIGNIW FJOVYGAVY “dW dwal LV aWIL adOIS ‘HIONIT ONI sv IWOMLoaTa CNV TVIMALVN 1GOHLVD HLONTT SNOISNIWIG qd Al WIUNLOVANNYW 
-ISN3IS GNNOWD -WOOdU IOVUIAV avad =AVALV Id NVILVId -WHOM TIVM/MOGNIM (8) ACIONY r1VuaAo SugUNLOVA 
VAWVYD -NOVE XV “NVA 


panuju0> —= $493UNOD 4BBIEDH - 









*SIQUIIBAR 10U S]IeIap [IN “pry [eusojoIpey [essay wos poureigo 9q ABW ‘AURWIDDH UITSIAA ‘PIOYEgG “Iq "JOlg WNWOIRIOge] Aq PaimoeyJnueMT sIdIUNOD [eUONOdOId Jo s8uR1 Yy 


s/syUNOD g-Z caine 
S/sjunod p-] : . N 
s/syunod 1-0 -L7X0- 9/Z7NA poy] 
“SUBISAp [JOMIe EY S/SJUNOD Op-0 “Ul 70-0 19ddoo ‘91X00: ¢/ZNA S$91U01}99/F 
UO Paseg dIB SJ9Z}UNOD 9894} [[V JO “Ul 9€0-0 SS SI Sdojaauq <O- Z/ZNA = Ainqwsg 4107 
“Ul 9€0.0 SS SI Sdojoauq 
*S]10901 U0JOId JOJ S10}" 6b X 0: ZI/ZNA 


“AOW PI-SI-0 98uerl AB19u0 ( s/syunos 
Be] JOP]OS apoyyeD = -IPwI SP IO" YOIYM SYSIP pue LZ7X0- 9/7N4 powwry si9}uno0> 


94} UI SUOIyNoU sey [du | 07 Bur s/syunos 


8 
v ‘ ! 

-puodsailo> yey) SI A}AIISUaS s/syunod  /- *]Bas eJOW/sse[s  ssopul[AD sudYyIAjOd poziurw <0: €/7IN4_ [eorsojoipey jeuonsodoid 
- / woJj d1M 9pouy “nye JO SdLias & SI BpoyIeD .£1X0- Z/7NA jesquan UOINIU 4se4 “E 


UOINIU, JOpUN 9}B1 JUNOD 9U §/s}UNOS 9 


ynays woddns ;y opin 
WUE | YA YSIY} WU ¢-O 
‘suojoyd Ax 0007 ‘8 3H W904 *HO/?X “BIp WU 77 MOPUIM 9g (q) 9®x/0€1Xd 
Os 103 % LI vornjoser ABI0Ug 0081 we 3H W902 *HO/V anid (¢7 Lad ‘ul L810 lV tap PZ X OS V/O€1Xd 
“eu (q 
‘suojoyd Ay yisus] 
9-6 103 %9 UORNjoOse1 ABI9Uq 000+ 3H W901 *HO/°X Bnid L€7 LAad = WD J J JOAO “Ul €0-0 “TV (e) . SIIXd 
yorys WU 77-0 
uo1s0uU0D wu ¢ x J MOPUIM og (q) 
os9ol J 3H W904 “HO/?X Spouse 9/q!x9]4 “Ul 9€0-0 ‘TV (®) OITX TZ ®x/187Xd 
yoryy wu ¢-0 
008! ‘B 3H WOOL “*HO/OxK uonsouu05 wu ¢ XQ] MOpUIM og a} } 2Xx/4A87Xd 
“s oso! * 3H W902 *HO/V opoue 9/4!xI[4 “Ul 9€0-0 “TV (8) ) L6*61 A87TXd 
-SI> eogeneael’ atu ett0/Bur ¢ “WUE € x O1 
” . : ‘MOPUIM FIX9 BOTY 
"yoryy WU ¢-Q “WLU ¢ x OT } powury 
oOg! ‘e 8H WOOL *HO/xK uolseuu0d MOPUIM AljUd WUNTT|AJOg (q) + } 2x/A87Xd S91U01199]4 
Os9l 7 3H W90/ “*HO/V apoue 9/QIx9]4 “Ur 9€0-0 ‘TV (®) ) L6X*61 A8TXd AsnjusD 4107 
,wi9/3w Z—¢-] ‘Wu px pI s19}uUN09 
‘BOIL MOPUIM PIs (q) jeuonsodoid 
*"HO/?x e4-JD (8) x¢- ZEIXW “PIT PARyINW API-K YO-pajeag ‘7 


° 


4JOj 


D0S/0L84 L401 
DO0s/sraars 
D0s/0L8S 0b 
D0s/0L84S1 

DOLaag le 
Ovdale 
Ozvaale 

D0L8aT! 


001 : 3H WO QZ “*4q Poyotud | 
00! ; : - 3H Wo cp “4g payotsus ‘UONSaUUOD apour oo ) 
‘ : : “ : Suri-psens ve Bu (q) 
00r 3H WO Oz “4g Peyoiua | ‘ut C70-0 ‘N> 9031-80 (@ 
001 O0rE BH wo 0, "4g Payiiua _Sprvarpul Joquine § $20:0 "nD 9945-0 (#) 
7 od c re) . S 
sai , 001 x 6° ; OSET € 3H Wd OL “48 PPYSUI — -gnId soLlOs NH ‘eu (q) | 
sudisop FYAV 001 . OSL! 3H WO Op “44 PPYIUA = jouaydury YUM ‘Ul 70-0 ‘ND aeIj-"9 (B) f 
UO poseg ov SJ9]UNOD asoy) [TW ODI Ol » 7 00zI ; 3H Wo 0z “44 poystuua snid #700 ND 2945°"0 (B 
001 Osez 8H WOO/ “S4q paysius = LEZ Ld WIM (1 ‘e'u (q) | 
*¢ 40)9¥y B Aq poonpel st OO! . ; OSLI 3H Wd Op “* 44 Poyoius ‘pasodxa “Wi 70.0 ‘n> eelI 4 f oradgazl 
fo eg uojjNeU ay] ‘Jequinu 00! 0ozI ; 8H wo gz “*.4q peyotuus SI [Bas ssUIs 20-0 “NOD 9945-"0 J oz7saZi 
ad} oy} Wooly poytWwO st .g, jei9w eB Udy “eu (q) ssaquno> 
xyjNs oy} usYyM ‘O|—g_ Jo UON oor 00zI : SH WO Op “*.4q Poystuus ‘poyeurmajun "Ul S10-0 ‘ND ae45-*Q (B) : €1/Obaasz pouwiy jeuonsodoid 
-B.1jU99U09 [BINJeU B YIM [Qe 1 "Bu (q) _ SUOI}OV]Y-SANISUIS-UOJINU 
~[!BAv OS]e 1B S19}UNOD * 4g [TV 00! ; : 0071 z£-0 * UF S10-0 ‘ND 9945-*0 (®) ; x€ €1/Opaas AsnusD y10zZ poly" 4 * 


AANA AANA HnNNH 





se | MA ,Wd/uoINeU ws 
“dW “IVIL Jad syunos SSANMOIHI : *“HLONGI ‘ON adAl 
SNUVAWIY ONLL SAWOTNOD ‘INIOd MA LY -N3LOd = ‘ALIALLISNIS JUNSSAUd ONI j SNOLLOINNOOD ‘AZIS “IVIMALVW MOGNIM (Q) via SugunLova wIAN.LOvA 
-vuaIdO ONILVYadO LV NIVD ONIL NOUWLNIN ILNIOSHY CNV “SVD IVOMLOI14 SSANNOIHI JGONVY ‘SNOISNAIWIG -ANVAW -ANVA 
*XVW aS81Nd/aOUVHD svD -vuddO IVWuaHI CNY ‘IVIMALVW JGOHLVO (8 11VuaAO 
NOILVaddO NOILONULSNOOD 


s493un0*% jeuoizsodoig tT AIGVL 


1960 





“BUNUNODS d10Jaq 
Surysny-o1d =Joy uON 
-1sod ev SuIpn[out 19}UN09 ssviq 
MOY SS2]MOpUTM UONTSOd-¢ (AP¥)S0-0 00Z OOF! (494MIDRJNUeWAQ ) BNId LET LAd sseiq pareyd-In poreld-iny 7AM ‘prt 
“193uUN09 MOY 4 ssapurjAo ‘d'y ur } S$o1u0.1499[4 
SS9[MOPUTM UOTISOd a[3uIg (Ae)S0-0 00z7 007! poddns ‘sed ,d, } sdro puq adojaausd ssre]H e4-1ID : IM Ainiusg 4107 
SJ9JUNOD MOY SSOTMOPUIAA “gS 


o101- uaso[eH/V/9N Spray afqrxoj4 001-08 94-49 24-19 vOH 
‘PIT 

o01- uasoyeH/W/ON — SPeay a1q!x9/-4 001-08 24-39 24-19 - ZOH _ SouoNd=1q 

0101 - ussojeH /aN uid apouy 001-08 94-45 e-ID : IOHA = 4snjU9D y10Z 


uaso[eH/V/PN — SPea] 9IQIx9]4 001-08 94-4D e4-ID . 87IXW 
“SOIJISUDIUT UONRIpRs 
JaYyBIy ye S10}D9}0p jUdI : udsojeH/V/IN Spray a1qrxa]4 001-08 24-30 4-19 : 61IXW 


-InDd UPSUI SP 10 SIDN0UNO9 


NUCLEAR POWER August 


oW 





ussoje 7/IN uld spouy 001-08 94-40 e4-ID OSIXW ‘PITE 
pM SagyUNODS vues 
BIeq 10 PUES [jeWS : [V/2N = SpBa] a1qQIxXe]4 adojaaus ssvIyH e4-ID 9X 0- HHO¢E ‘PIT OD 
S19}UNOS UOLIND URS * 












c e T-S6 St sD \ 
= OrLi [Ayi9/¥Vv s8#r 19pjos tS c's ‘ 
oor ,Ol~é Ol I os 02 * OFLI [AyI2/ ¥ SBv1 J9Pjlos ts 8-79 ~*~ Bt ts J oO 
. Vis vi , V> M . adojaaua oO 
enatindane tno tne: eden ng eerprs xoI4U no 0-cL >» R2¢ HOON oa 




















° - Vo eve >t er UF “L see Uc Fs “YORE 2 2D 10. OA 
Vd 9d auaV UO poseq Mog os 0007 + OL REI sie Oz ‘Vv paieosun eywyuss|, Messe Z eto ooze 1-0 “f208s eave & 61™ 87-2 IW Wal PIT WIA 
“Wrrsi 29441 FAY VO poseg (AU, ,O] JO Xny uod 
“NOU UL UONPIPRI Y | SP9ouU STY) B4IM POpUsUUODa4 SIX® UMOP 904 
j i s8njd d1ayUus9U05 ejynuue “erp FT ‘Tw (q) 
YUM JUIN PHONG “JOQUIPYD UONBANIOR IIA Os » Ol OOT (or OL ~ 9) ru sie ¢ ‘Vv paeooun AL AW Aassaid * Z Wu Z-] [993s pyrus (e) Lixsl9 TSOHN 2 
“(VERET 2d43) UAV pue [Wu SU/Y 9 OF daop wd 1-7] x “Pr Wd 1-9 a 
TdN YUM uOoNsuNfu0s UI poUBIsagq ‘sJaquIRYd L-@ ‘@£-d yeurwi3) : TH AWARD “RIP WD Z-p *, UID — 
94} JO WOO 1” ABI} JeY & Ul PoyOsSUI J1e SaDINOS uoneinyes aynodwie jw ¢ poyseyje Afusue /3w 99-9 MOPUTM BI9q (q) 
Bjag “S9oINOS BUILD ‘e}9q PINbI] 10 pros jo uoN % L-66 405 ul OW /¥Y ,,-Ol “ye OV *Ppolaa0d a 
-BZIPIBPURIS JOJ DIQWIY. JURIIUD-31 BdUdIIJOY os sOIXS OO€ < €-¢§ ‘09-05 ‘eu uado ‘ure poyeooun -uiad a[qed :[05 — onsejd ‘wd 91-0 ‘Tv (®) 0-01 X 0-6 vplOAN ” 
,uld/3WI OSr A 
‘uIsal S1jous4d 3 
"VO6EI 29441 FAV UO poseg ‘Japso 0} sUOT Sunonpuos (q) is | < 
-BUILUI9} puP SBUI[Y SPB IBYIO *"AXW €—AP2 09 , sie 6-9 s]Ras JOA ,ud JeoIBojoipey 
o3uri ul ABi9ud JO JUSPUsdapul ssuOdsas PLUWIED os OsZz oO © L6-1 ‘eu ive Aip poyeooun jejow/ssejs OM | 4 OF€ /3w 0S6 ‘IV °. 8-66 (8) OLX L9-€ 9004N [B1suNy ab 
‘wnt jo 
,Ud/9 ,,-O] JO aie ur AYANNIOR UR Aq paonpold st ssaquieys uw 
quaiInd pojonb sy] “woisks MOY B 0} Bulj|dnos pms ya ¢:LH SATIISUDS = 
4JOJ popraoid aie sadid saddoo ‘ur ¥ ZT ‘ae ie SBnjd d1jUsIU0D AT sseiq (q) “pry “soig ewwes oO 
UF AMANO BI9q BY) BULINsPaW JO JoquIeYS MOY V of 00! or-OI* 8-1 ‘eu 0} uado poyeooun “AW Aassrid *199 SL-h ssbsq (8) bixs9 Vvoos! nonla [9G “7 a. 
sjeas ‘dwios qd 
-zuuenb ye 1430 a 
winndea/ainssoid < 
WW 007 O18 S]BUTUID} wi 
uo10q ayi sarqeo Z0-0 ‘TV °6 8-66 (Q) Speurutis) ‘our ail 
er-OIXE-€ er Ol XH 7 BH WDC] peysiue posensul—eousys v9 $90:0 ‘IV % 8-66 (®) “POXS-€ rae) | U 
‘TIA “1OU Sed4i quay uo paseg er OlXE-€ ot O1X9-6 SHWOOSI*H -W9 00S -Ajod Buryoere Joy S 
*$10]99UUOD JNOYIUM SJaqweKyYyd O} sayjdde yuu] er Ol 9 «-OlIX9 BHuwos] uol0og = suoj}depe YIM syeul Z0-0 ‘TV °6 8-66 (Q) Speurwa) ‘our 
ainjesodway =“ pa wsusdwiosun [o1}UO0d J0O}DvIY Os r Ol 009-00 z1-Ol 9 OX & 7 SH WOOST*H $Ppaeydisus -tW49) pareynsul Om | w9 90-0 ‘IV %8-66(8) ‘“#ZIXS-€ fou ‘PYI VIA Zz 
CNH [ousydwy 410 1¢7] Lad suonsauu0S 
yoyOOS ~puR Bnjd sqeyoeiep seajdwos YUM 
IIQRIINBAR ov SJOqUWURYS dSOy]) “sJOIN}DeyNURW Aq er OILXOL or O1LXO-8 3H WOSZ *soyqeo 
SPP9] UOISUdIX® PIT YUM pany jt D.00T 01 dn er-OLX EZ v1 OLX 6-1 3H WO CL uo10g = ©109-7 & |_ Ajo Ng $90-0 ‘IV 6-66 (9) 
pasn aq Ae ‘poyesuadwosun *[013U09 10;9R9y 08 r-Ol~€ 009-006 e1-O1X 8-9 1-O1XO-€ SH WOSTZT*H poysisus H5A9Oe 405 SV 4 90-0 ‘TV % 66 (®) sels € (@aalou 
*uUOd 3/qQRd “uWLIEd 
(pow) dO Ld 
ad43 WOL :109 s 
“JoINjORyNUeUT sy er-Ol § ¢r-Ol 9 3H WOSZ 9109 = 09-J90UUI ‘prt 
Aq Spvd] UOISUAIXS PITA YIM pany jt D.007 03 dn er OLX ST v1 OLX & 1 3H WO Gz uosJOq “UIM) dSdt7VE Lt 90-0 IV % 6:66 (9) S91U0I}99/4 
“JaquivYys payesusdwWos BURT *[01}U0D 10}9"9y 08 r-Ol<€ 009-006 er OlX Sb 9: OFX 7-7 SH WOS7T*H poysus adA4JWOL*7:LH 4193N0-[09 90-0 ‘TV °. 66 (®) SIX S-€ (DEAN AinqueD 4107 
$10}9e91 poziinssaid 
UI sjudWIOdxX® BulUOIssHUNWOD JOy popusUy 
“21N}eIIdUWI9} BULYIOM Pur ‘SUOTIBUUOD [91119919 $3/qQe> poreynsul 
‘98B9 19INO JOJ Id99K9 | /OZOLINd YUM [POUAEPT 007 I4ild ZLUN 9SED J9}NO ss €/9ZOLINd 
t77LAd 
ad4} uoNsouU0S 
SUOT}IOUUOD [PI1I}99]9 yayoos pure Z/9ZO] pue 
JOJ 1d99x9 1 /9ZOIINd ‘I/STOLINd ©} [eonuepy 08 Bnjd ajqeyoeisq 7/SZTOLINd 
“JOINJOVJNUBLE 94} er OLX EL ot OLX LS 3H W967 
Aq Sped] UOISUDIXS PII YIIM pary Jt D.007 0 dn er OLX TZ or OLX L:1 3H WSL uos0q 90-0 IV % 8-66 (9) (21 
pasn aq AeW “poyesusdwosun *j01}U09 JO}DBIY 08 » OXI 009-00 er OLX S-9 91 -O1X9-7 SH WOSTT*H peyoius 6081INd 403 SV a 90-0 IV % 66 (®) Sf1*S-€ /9TOIINd 
Os 
Joinjoejnuew Aq spero] UOIsUa}xXo er O1LXO-S ot -O1LXOb FH WO CZ 2P01399]9 JH [Od-s90UUr 
PIs YUM pany jt D.007 OF dn pasn aq ABW er OLX ST or OLX TT 3H WO G7 UOIOG YEI 0} 9/QLd 31OI~p 0-F $90-0 IV % 8-66 (9) (I 
‘JaQUILYS PayRsUadUIOD BLUES *]O1}UOD 10}9v9y 08 r-OIX I 009-00 er OLX Sb o:-O1X 8-1 SH WOS7ZT*H poyoiius 6801INd 403 Sy = 499NO0-]09 +90-0 IV % 66 (®) SfIxS-€ /STOLINd 
sajqeo 6% 
419 000! Pexy ‘dO Ld [0o-s0uUr 
Jaquieys poyesusd *‘uo10g pue ‘3109-9 VY 6¢ 870-0 IV". 6-66 (9) 
“WOD PWUWIeS ‘APATION [ENPIsas MO] *JooIdydOYS 08 r Ol 009-00 nu -OlX tl nw OLX *H = peyoius ZEIS OdW OOTH = 499N0-]09 690-0 IV “0 66 (®) S- 61x O0-€ 
249 OOP 
sie 7 “BW OOF 870-0 IV % 6°66 (9) 
Paesuad WOSUN *[OsUOD 10198IY 08 e-O1 0001 n OIE r-OlXL = “N%T+V ‘SEz-N 6801INd 2095 SV hh P90-01V %66(®) =P blX OE 
suonsouu0d 
Qed “UWLIag 9109 
-9]3uIs dOI I Ld 
9dAi WOL ‘109 ‘prt 
uos0q 2409p 9FIE OdW IV % 8-66 (9) STUOS|INN, 
“poresusdwosoun *}O1}UOD JOIDVIY 08 » Ol 009-00 21 O1*9 rr-O1X 7 3H WO S77 *H peysus ed4} D018 *.LH I? IV % 66 (®) SELXS-T 6801INd Aasseld 
CNH Seles jousydwy JO LEZ Lad “*suotjs0u peyore 
-UOD J@yIOS pur Bnjid s]qeyoriap Ajajajdwos yUMH er OLX 8-9 ot OLX OL “ ¢-2Z SwygsZ Afyusuruiod 
SIQLIIBAR Jie SIBQUIBYD aSay) YIOG) “sSIE}DOUUOD xeuwl er OLX ET vr OLX OT BH WICSL *u0l0g S9[qed poyepnsur $90-0 IV °. 8-66 (9) 
MOYUM D.0OT ‘PoPsusdwOsUN *}O3}UOD 10}9BIY O08 r O1X9 009 21 OLX 8-9 o:-OlX 1 SH WOSTT*H § poeyouus -suayiA[Od + 90-0 ‘IV %66 (8) S-€1XS-€ (Z)V99OAN 
peyorne s 
er OLX Sb ot O1X HS “ ¢$-%Z Swggl Ajyusurued = jod-19UUT ‘prt ssaquivy> 
$10}99UU0D INOYWM 5.007 “dws *xeul 21 OLX ST ot OLX & TE FH WO SZ *u010q Sajqed poyejnsur + $90-0 ‘IV 8-66 (9) jexsojoipey SATTISUDS 
xeur ‘poresusdwios eumuwe# ‘joUOD JO}ORIY og »-O1xS 00r er OLX Sb o-OLX7-7 FH WOSTT*H peysuus -2Us4yIAJOg = 19)NO0-/09 $90-0 ‘IV °.66 (8) S$-€I*S-¢€ ()WS9OUN [essuery “UOIININ “| 
,Uld u/sl9 “UI “SSANNOIHI 
>) Vv MA yai/¥v “ALIALLISNGS dUuNSsaud (€) wus GNV ‘IVIMALVYW ul ‘ON JdAL 
SwUVWIY ‘sun ‘PONVY ‘“FOVIIOA “ALIALLISNIS NOWLOGN ONITUA TVIMaLVW SNOLLIINNOOD ONIOVdS aGO¥LOI1a (Q) =HLONTT& “VIC SYSYNLOVA =6waWNLOVA Wd AL 
“VugdWal INIWEND ONIHOM VAWVD IVWUaHL sav F ‘SVD ONLLVOO IWOMLOIT4 qdOULIITa “Ul “SSANNOIHL FY SNOISNA@WIG “NVA -ANVA 
TVIMALVYAW TIVM (8) TIV¥IAO 


S49quieYy> UOIZEZIUO! BUs44ND UBeW Ff JIGWL ze 






"€ETN “6ETMd “LEZTIN “BET ‘SETN ‘ZETN ZETUL JO SBUNLOD d]ISSY YIM JUSWOBUBIIL [eIDOds Aq oIqQuITeAR OSTY (¢) 
‘OPIxO se payisodap *s¢7Z-F) 1YBIOm Aq % ¢6 Burule}UOS WNIUBIN SI [BIIO}eW oTISST.y (7) 


*SJUSW9IINDSI [ENPIAIPU! JINS 0} POLIBA 9Q UPD SaSEd [je UI SUONPUTUIID) [B91I}99]9 : 910N *susISOP FUAV UO poseg (¢) 
"8EZ-N ‘ZET-“UL JO SBuNVOD oJISsy YIM IIQuiTeAe Osty (Z) 

























“QUINOA SEB PoUyUOd **xeU Buoy “yy swe ¢ 3nid AI AW Z0-0 Ss (q) 
SI SS “PIP ‘Ul § : . vO 9-8 x 8ES 8€s V % 66:66 A2SS%Id JO LE7TLAd ’ £0-0 Ss (B) #€7 8-1 ()0001/8ES94 
se8 pouyuod “xeuwl Buoj “yy CI sje ¢ 010-0 ss (q) 
SS ‘RIP ‘ur $ UOIsUa}X® PITIY 81-0 S78 SPI 067 ‘N%7+V anid 1¢7Lad 810-0 Ss (®) 16-9* 0-1 (¢)0001/SPIDA 
*QUINJOA SeB pouyuod *xewW Buoj sIe p 800-0 Ss (q) 
USI * SS “RIP “Ur | UOIsUDIXe PISTY . : . “Ol Vv % 66°66 anid /¢7LAd , 70-0 Ss (8) v6-b x $-0 (4)0001/0IDA.LH 
‘QUINJOA seB pouyUooUN sye ¢ 10-0 Ss (q) UOISUD9}X9 “SUI 
SS "RIP ‘Ul F PRa] UOISUDIXD PIBTY ‘ <£ . , V % 66°66 8nid Le7LAd 810-0 Ss (8) 09 < $7-0 (4)0001/PO4.LH 
*QUINJOA SeB PoUUOSUN ¢/ STUOWIN, sie Fp poyeurmajun 900-0 ‘wnunelg (q) UOISUd}X9 "SUT 
‘RIP ‘ul — pea, UOoIsUdIXd pIsry <1 (EE 2x “OdIM IN 70-0 “SZ SHUOWIN (B) = “xBU a CS] x $7-0(4)0001/E€O41LH 
‘QUINOA SeB pouyuod 
“UN CZ SUOWIN Buo] ‘Ul gp» B,UI/Q] SZI $v00-0 SS (q) UOISUDS}X9 “SUI 
“RIP “Ul SZ1-O PRA] UOIsUaIXS PIdTY ‘ : 0-1 * $20 (£)SL-0 V % 66°66 3njd 7p Lad 10-0 “SZ 91UOWIN, (8) 8% SZI-0 (¢)0001/8004 
‘ul 9¢ 0} dn yIBUa] ‘PIT 
Auy ‘ounjoA se3 pouyuooun sie f¢ $900-0 “IN (q) UOISUD}X9 “UI S31U01}90/4 
‘IN “RIP ‘ul F UOorsUa}xX9 pIdTYy . OTX LE (IE "NN %~+V anid L¢7LAd , 70:0 “IN (®) “xB O€ x $7-0 (+)0001/€EOALT AINjUSD YIOZ 
“UOISUS}X9 
uOIsUud}x9 “prt [eIowW psu eo} 
‘QUIN[OA SeB pouyuosuN ‘ss sie OZ Buoy ‘ulg x “UI¢Z-] £00-0 Ss (q) UOISUS}X9 “OUT soruosjonyy poyoeije ApusueUed 
“RIP ‘UI €90-0 PRA] UOISUd}X9 PIsTY x -[ x *N%7+VW BuO Bnd 777LAd $00-0 SS (®) 9€ x €90-0 601 TINd AaSS3|d porddns saquivys - 
“ST yisuay “xey “Sadumoey "ul $Z79-0 
-nueut Aq ped] uoIsudIxd pIsis sye F¢ - ynoge jo Ja}oweIp 
‘eIp ‘ur ¢ YIM pony usyM D007 ; : (sol *N%T+V anid L€7LAd p 60-8 * 81-1 (#)0001/S91D4 ® sey AUOWWOS 
‘ly ST yisuay “xey “SsounjoRj ‘PIT peo] UoIsua}x9 
-nueut Aq peat uolsuaixd prs . x (Z)vE sie f¢ . (¢)0001/S€OA S31U01}99/9 a4] ‘Jequieys 
‘eIp ‘ur $ YUM pany UdYyM D007 ‘ox Srl "N%T+V 3nid LE7LAd . IL-9 $L8-0 \(*)0001/S1904 AInjusy 4I0Z 94} 03 papjam 
‘YW St ysuay “xe Peo] UOISUD}Xa PIBII 
‘sugumioejnuew Aq pea uOorTsUud) sie ¢ . 94} JO pus d}30WI07 
-X9 pIsid YUM pany UsyM D,( * 81 < 007 0027 *N%7+V 3njd 777LAd } g SLE X0-7 6P01INd 24} 18 JO Jaquieys 
‘Wy SL yisuay “xeW ‘PIT 24} UO Bnjd & Bulg 
‘sugunioejnuew Aq ped] uorsUudI sie ¢ . SNUOI[INAL UOTNIOUUOD [ed1I}99]9 94} 
“x9 PIS YIM pany Woy 4. 0OE . < OST Ost *N%T+V 8nd 777LAd p 9-TI * OLOIINd Aassald “HO pajees JoquieyD * 
: ‘ (£)0-% sye f¢ $00-0 SS (q) (¢)0001/#O4 
“YW ST 21qeo jo yisusy “xe ‘ 0-1 < 8-€ (£)0-0 *N%E+W 71989 WLlid 10-0 “SM OTN (®) SL7T* S70 Uh) O1/bOd 
“NSI aTqeo jo yisu9] “*xeW “yory) PIT 
5. DAdT]S wWINWUIpRd ajqeyoe) 2 § 21989 WLL1d $00-0 SS (q) So1U0.1}99[9 
“9p B Sapnpoul JIIWRIP T]P4I9IAG rOIXL€ $0 SS-0(Z)ss-0 "N t er) 2h 76:0 10-0 “St OTN (®) SL:7* S70 (#)0001/S004 Ainqusy Y10Z 
(a]3uts 
dOI Ld 244) 
“ly TE a1qero SIW7 WOL ‘109 
jO yIBud] “Xe *€ IIQEI 99g “419q (9409 $) 9IPEOdW $90:0 ‘TV % 66:66 (9) 
“WeYS IUIIIND UPS SB Pasn OS|Y . bO0 S$: 77 * OOF lL % ad4} DOIG ‘LH vy 90-0 ‘IV % 66 (®) 6LOILINd 
*10}990UU09 
60-0 SS (q) , poiensul-susyiAjod 
‘MW ZI 21QR9 Jo YIBUZ] “xeEW 08 v1 Ol 00s z-0l 1 “T+ 71989 OLN 70-0 Ss (®) ‘ 8801INd ‘PrT SIQIx9y 0} poyosene 
2 110-0 ss (q) soUOs|INN Ajjusueulied Jaquieys 
‘YW TL F1qQe9 Jo YSU] “xe 08 rr-Ol 00r e O1XT ¥ t 21989 0LUN ‘ 10-0 “M ON (®) “€XE€- LSOIINd A2SS2|d UONPZIUO! UOISSI4 “| 4 
LNIOd ,uld/uos neu wd “Ul ‘SSANMOIKL y4 
OD. ‘dWaL ONILVYadO MA Jad sjunod =‘HLONAT Bu qUuNnssaud wu NV IVIWaLVW { 
ONLLVYadO aH “TVLLNSLOd §=‘ALIAIL §=GaLvOo ‘ONILVOD = ONITI SNOLLOANNOD ‘ONIOVdS aaOuLoaTa (q) *“HLONG1 & “VId ‘ON 4dAL - 
SyUVWay WOWIXVA LV aS1INd ONILVYSdO 8 -ISNIS) =, WD ‘va (/)aTISSId «= ALN OSV IWOMLoITa aaoul “Ul “SSANNOIHL GNV “SNOISNAWIG SuawnL WIWNLOVANNVA “ 
IOUVHD NOWLNAN GaLVOD dOLHDIM F SVD -Da71a ‘IVIMALYW ‘TIVM (2) TIVUIAO -OVANNVW 3 
00 
> 
< 
S49qWeYy> UO!}EZIUO! BSiIngG Pp IIGWL «< 
wi 
Oo 
a. 
‘p< AQ paonposs oq A]JBUWIOU [JIM AVIATIISUDS UOIIFAU BY) UdYM ‘UOJOG [eANjeU Aq Pode][dos 9q Avw UOIJOG PaydtuUd Jo sBuNeKod IT y (fF) od} Joquieys FYAV UO poseg (Zz) 99e 944) Joqueys FYAY UO paseg (7) 
a 
*9[QUIIY) “RIP “Ul | UI BY JO SUI | JOy St 190A < 
‘do pur A}IANIsuas PUIIRS Pa}ONs ‘sajdwes jo = 
uOI}IOSUI JO; doop ‘ul ¢] pur p Ul‘urZ 40 ‘Ul | S3njd ds14Ua9U09 JOA = 
}U9-31 YIM ING T YW Wd] OV! ‘ sie OZ * payeooun AL YW Aasseid <Z Wl OOLE 87-4 LAW Vd YU 
s3njd 2 
(suoy} 3143U99U09 AT YW z 
-nou 3sPRj) APSSIAId 40 JUSUL 
er Ol ZL “YORE 31qQeo 103 [OA tw (q) 
"Wd 2944) GHAV UO poeseq WIOCg UID} MO4IOS Z «419 OOLE 1-0 “19038 PLWw (Ce) 87-4 IAW Wadd 
at tee 
Vers! 29441 Fea Y UO poseg (AU, ,01 JO XN <0 94 SIx® UMOP 9/04 
-NOU UL UONPIPRS Y | SPI9U STY] B4IM POPUsWIWIODSAI s8njd d1UaDU0D meynuue “erp Fy1 ‘Tw (q) oe 
ra wit {-] [9903S pyr (e) Lixsl9 TSOHN w-) 
ao 


9) ru sie cg ‘y pairooun Al YW Aassatd «7 
daop wd /.71 xk ‘pt un /.90 





yum quasind paiond Jaquirys UONPRAT BOM Os » Ol ool 


pee. » 














Fuel element fabrication 


FIFTY PAPERS were presented to the 
symposium, including six from the UK, 
and they fell under five main headings. 


1. Characteristics of canning materials 
Over half of the papers in this section 
dealt with the properties of zirconium 
alloys. One of the limiting factors in the 
use of zirconium alloys is the embrittling 
effect of absorbed hydrogen. Even with 
a tight control of the hydrogen content 
the tendency for it to migrate down a 
temperature gradient can cause local con- 
centrations to built up at the cooler peri- 
phery of a can. Zircaloy 4, which has a 
lower nickel content than zircaloy 2(< 17 
ppm), appears far less susceptible to hyd- 
riding effects. Both of these alloys have 
been specified in current Canadian reac- 
tor designs. Zirconium alloys with Nb 
and Sn are being studied, and the alloy 
Ozhennite 0-5 (0-1% Nb 0-2% Sn 01% 
Fe 0-1% Ni) favoured by the Russians 
comes into this category. Zirconium 
alloys with Al and Mo are being devel- 
oped with improved creep strength, 
although from a corrosion standpoint 
they will need to be clad. From the Zr 
Cu and Zr/Mo systems a_ suitable 
sheath material for a steam-cooled reac- 
tor operating up to 500°C may be found. 

The welding and brazing of thin walled 
zircaloy tubing present difficulties, and 
improved argon arc and electron beam 
welding techniques were discussed. A 
magnetic force welding device that can 
produce zircaloy end weld in 1/60s, thus 
obviating the need for an inert atmos- 
phere, was described in a paper from the 
Hanford laboratories. 

Some further assessments of S.A.P. 
alloys were given. These are sintered 
aggregates of aluminium lamellae indi- 
vidually coated by a natural oxide layer; 
they have small grain size, high strength 
and excellent creep resistance. A low 
oxide content (7%) would probably be 
preferred for reactor cans to give ade- 
quate deformability. As a canning 
material it is compatible with uranium 
below 500°C and with UO, up to 600°C, 
but it forms a low mp eutectic with mag- 
nesium and its alloys. Pressure welding 
techniques are necessary. Corrosion in 
pressurized water is very dependent on 
the physical form and source of the com- 
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A report on the Vienna symposium, 
by R. S. Sharpe of the AERE, Harwell 


pacted flakes, and on the method of add- 
ing the corrosion-inhibiting Fe and Ni. 

The attention to graphite reflected cur- 
rent German interest in low permeability 
graphite for the spherical fuel containers 
in the BBC/Krupp reactor design. It is 
proposed that the core of the densified 
graphite spheres will contain a mixture of 
uranium carbide and carbon with a U/C 
ratio of 1/45. 


2. Fuel element fabrication 

In the pressure bonding of the 
zircaloy-clad compartmented element for 
the second Shippingport PwR core, sur- 
face preparation is found to be very cri- 





A symposium on fuel element 
fabrication, with special emphasis 
on canning materials, was held 
in Vienna recently under the 
auspices of the International 
Atomic Energy Agency. There 
were some 200 deleguies at the 
Conference representing 23 of 
the member states of the Agency. 











tical. Coating of the UO, with carbon 
or chromium provides a_ satisfactory 
reaction barrier during the bonding opera- 
tion. The manufacturing processes for 
the Dounreay MTR ‘ picture-frame’ ele- 
ments were described, together with the 
Belgian alternative for this type of ele- 
ment which consists of casting the clad 
layer around the UAI, inserts. The design 
study by the Belgian Centre d’Etude de 
Energie Nucleaire again emphasized a 
growing interest in graphite. Blocks of 
graphite are pressure impregnated with 
uranyl nitrate, which is then transformed 
to UO, to give 0-014 g U/cc of graphite. 
The blocks are then canned. 

Electron beam welding of end caps, 
swaging, spark machining and ultrasonic 
spot and seam welding were some of the 
newer techniques dealt with in detail. 
The co-extrusion of clad UO, elements 
was described in an American paper. This 
is a development of some significance 
since it shows promise of being applic- 
able to a wide range of canning materials 
and of producing core densities very 
close to 100%. The core and cladding 
are heated to different temperatures so 





that their ductilities are compatible du 
ing extrusion. 


3. Quality control and inspection 

The need for more critical can inspectio 

procedures was emphasized. A Swedis 

paper outlining experience with zircalc 

tubing for the Ist charge for R3/Adan 

stressed the need to adopt a combinatic | 
of inspection methods in order to ensu: > 
a consistently high quality. A Japane: 
paper, although specifically related t 
swaged products, served to pinpoint the 
current need to modify inspection philc- 
sophy to think in terms of attaining cor- 
sistent and uniform microstructural de- 
tail, rather than merely in terms of fre< 
dom from macro defects. In this con- 
text the Harwell work on X-ray micro- 
scopy was relevant. With this technique 
microstructural detail, irradiation effects 
and cavitation were clearly revealed by 
the contrast provided by differences in 
X-ray absorption within the material. 


4. Corrosion and radiation damage 
The range of experimental CO, corro- 
sion data that was presented showed how 
dependent corrosion rates were on the 
variables involved in reactor service, and 
how care was needed when extrapolating 
beyond the experimental conditions. 

A detailed analysis of the element fail- 
ures to date in the Calder Hall and 
Chapelcross reactors showed that they 
number 62 out of a total of 160,000. 
Harwell work relating to a more funda- 
mental study of irradiation damage effects 
in canning materials was_ reported. 
Changes in the mechanical properties can 
be caused by the migration and clustering 
of displaced atoms and vacancies, and 
swelling and embrittlement by gas re- 
lease and fission fragment penetration. 


5. Economics and development trends 
A cost analysis was presented which 
showed that improvements in fuel ele- 
ment lifetime provide the real key to 
lower power costs. Since a significant 
improvement in element performance 
with present fuels is likely to be achieved 
by better fabricating methods and more 
critical inspection procedures, further 
developments in these fields were strongly 
advocated. 

A number of interesting development 
projects were described: Yttria additions 
are being made to UO, to increase its 
thermal conductivity; Plasma spraying of 
UO, on to stainless steel was being 
developed for plate-type elements; Ultra- 
sonic compacting of UO, was giving con- 
sistently higher densities; Sodium infil- 
tration of U powder was found to give 
a ‘sponge’ fuel with high conductivity 
suitable for high burn-ups; the Fe/Al 
system was being studied for a possible 
ductile canning material. Many of these 
developments are being done extra- 
murally under USAEC contracts. 
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in this final article on health physics monitoring systems 
used on the more elaborate nuclear plants, the prob- 
ms of data handling and data processing are discussed 


Health physics instrumentation—5 


by DENIS TAYLOR, M:Sc., Ph.D., M.LE.E., F.Inst.P., 


Plessey Nucleonics Limited 


ITH THE LARGER installations, e.g. health physics in- 
VY acenntinne around reactor plant, chemical pro- 
cessing plant, neutron generator, or generator of ionizing 
radiation, it is necessary to monitor, say, the radiation dose 
rate at a number of points. It then becomes worth while 
to provide a central monitoring system which utilizes radi- 
ation detector components at each point where a radiation 
health hazard may arise. These parameters may be moni- 
tored continuously, or discontinuously in some suitable 
time sequence. Whichever method is employed the central- 
ized system involves a data handling problem, and possibly 
a data processing problem as well, since (/) it is generally 
unnecessary to record all the readings of the various dose- 
rate measuring channels, providing the readings are within 
the normal (safe) limits. However, it is necessary to call 
the operating engineer’s attention to any abnormality in 
the readings. This is usually done by providing alarm 
circuits which come into operation when the measured 
parameter falls outside the safe limits of working. It is 
also desirable to be able to check the sequence of opera- 
tions leading to the abnormality. This latter calls for some 
form of memory system. 


Installed health instrumentation 

Figure 1 shows the circuitry associated with one counter 
in a typical system used at reactor plants for monitoring 
the fast neutron flux at the various locations where a 
radiation health hazard may exist. In this case all the moni- 
toring channels are continuously employed, but in many 
cases it is possible to scan the various proportional coun- 
ters in turn. Some economy in the apparatus in the central 
display panel is then possible. Note that in certain instances 
it is desirable to provide an indication of the counting 
rate (proportional to the radiation dose rate) at the detector 
location apart from the main indication in the centralized 
control room. This is also shown in Fig. 1. 

In many health physics measurements it is necessary to 
provide facilities’ for measurement of dose-rate over a 
relatively wide range. It is possible to cover a wide range 
by using a saturated ionization chamber in association with 
a pentode electrometer in which negative feedback is ap- 
plied to the screen grid. The anode current is maintained 
substantially constant over the operating range of the sys- 
tem, and selected electrometer tubes can be employed in 
this circuit to cover up to seven decades, e.g. 10-1* to 10-®A. 
Sometimes the required range involves the use of incon- 
veniently large ionization chambers to give the required 
ionization current, and it is then necessary to provide a 
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part of the required measurement range using an ionization 
chamber /logarithmic amplifier system and a Geiger coun- 
ter /counting-rate meter system for the more sensitive mea- 
surements. Such a combination system has become very 
popular, but does involve marrying the two parts of the 
system together and special problems of calibration. 
Figure 2 shows a typical presentation unit containing all 
the electronic circuits, other than the head amplifiers and 
power supplies. As all the circuits are transistorized it is 
of relatively small dimensions. In this case three parameters 
are being monitored, namely (i) the dose in roentgens, 
(ii) the activity of the water supply, and (iii) the dose rate 
in roentgens per hour. As the range of the dose rate to be 
measured is from 10-* to 10‘ r/h, two measuring channels 
are provided in each case as explained above. One dose 
rate measuring channel uses a pressurized ionization 
chamber and an electrometer valve circuit, and the other 
uses a Geiger counter feeding a counting-rate meter circuit. 
Note that the two dose-rate channels are all switched 
together, and the switch in the right-hand bottom corner 
of the panel allows the associated six monitoring locations 
to be selected in turn as required. Similarly further chan- 
nel selection switches are provided for selecting the appro- 
priate detector locations as required for the measurement 
of the radiation dose and the water activity. In addition 
there are suitable trigger circuits for operating visual 
alarms if the water activity or the dose rate is excessive. 
In some cases aural alarms as well as visual alarms are 
provided, and for the larger installations it is worth while 
providing repeat alarm indicating units in locations where 
operatives have to work in addition to the indicator in the 
main control room. Such a repeat indicator unit is shown 
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Typical neutron flux measurement equip- 
ment (Fig. 1) 
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in Figure 3. The cover of the unit has been placed to one 
side to show the internal fittings. 


More elaborate systems 

More elaborate systems of processing health physics 
measurements are also coming into use. One system spon- 
sored by the French CEA (3) combines the pulse and the 
d.c. outputs from a single radiation detector to provide 
measurement over the required number of decades. This is 
shown schematically in Fig. 4. In this system the d.c. out- 
put set up by the detecting apparatus does not reach a 
value suitable for direct measurement until 1000 doses of 
gamma and beta rays have been detected. There are, there- 
fore, two detector outputs, and a changeover from one to 
the other is provided when 1000 doses have been reached. 
The information given by the photomulitpliers in pulse 
form is employed up to 50,000 counts/s, which corresponds 
to 1000 doses. The first four decades are, therefore, mea- 
sured by the pulse system, and the subsequent measure- 
ments above 1000 doses by the d.c. system. 

The coder provides a modulation of the constant tele- 
phonic frequency sinusoidal wave train. The period of this 
train represents the amount of the dose to within a multi- 
plying factor which is itself applied separately on leaving 
the coder. In the central system the number of sinusoids 
contained in the signal is counted and the result multiplied 
by the appropriate multiplying factor. 

In the central presentation system a scanning system is 
provided to deal with upwards of 60 monitoring positions 
and the information is stored in a 1-h memory. Alarm 
signalling circuits are also provided corresponding to three 
levels. These are (1) a level corresponding to a given pre- 
set dose, (2) a level corresponding to 10 times this level 
and (3) a level corresponding to 1000 times this level. 

Systems of this type allow the designer a great deal of 
scope and there is room for much ingenuity. One interest- 
ing system marketed by Amican (Belgium) is called an 
Automatic Radiac Polymeter and is a dose-rate meter pro- 
viding measurement over a range 1 microroentgen/hour to 
1000 roentgens per hour on ten linear ranges. The appara- 
tus automatically selects the appropriate range (according 
to the magnitude of ionization current at the output of 
the radiation detector) and the apparatus can be used in 
conjunction with a radio transmitter to transmit the dose 
rate (and, if required, other information) to a central con- 
trol position. 





Main presentation unit for health physics measurements (Fig. 2) 
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This system can obviously be extended to provide interro 
gating facilities at the central control position, so that the 
system can be used in association with a number of moni- 
toring positions connected to the C.C.P. by land line. The 
operator can then interrogate each monitoring position as 
required and dose rate and other information can be trans- 
mitted automatically to the C.C.P. Alternatively the system 
can be made completely automatic by introducing an auto- 
matic scanning system so that each monitoring position 
is interrogated in turn and the health physics measurements 
recorded at the C.C.P. Systems of this sort are only worth 
while when a sufficiently large number of monitoring 
stations are required, or when some data processing of the 
measured data is required. Apart from the application to 
nuclear reactor plants and large radio-chemical plants, such 
systems find obvious application to fall-out reporting net- 
works for civil defence purposes. The fact that an auto- 
matic system of this sort can be made to operate with the 
minimum of manpower is a real advantage. In the case 
of fall-out reporting networks it is usual to measure the 
gamma-radiation dose-rate at one metre above the ground 
to provide an index to the level of activity/metre? of 
fall-out. 


Automation and film badge service 

The most widely used method of measuring the dose 
received by a person is the film badge. Its chief advantages 
are cheapness, small size and the capability of integrating 
over long periods without significant loss. Badge processing 
after exposure is capable of a fair amount of automation 
and several systems have been evolved. Some of these have 
been developed especially for civil applications, but others 
such as the K. G. Foerstner and Company’s ‘ Personal 
Identification and Dosimetry System’ (4) have been de- 
veloped for Service use. This latter is a special film badge 
and identification unit, which is designed as a flash dose- 
meter for individual issue, and is read automatically with 
an elaborate reader after development. The badge contains 
the nationality, registration number, medical data, etc., of 
the person to whom it refers. It also contains a film which 
is sensitive to gamma-radiation. The IDOS identity tag 
design appears to be basically sound. However, the use 
of a film badge technique for flash and personal dosimetry 
using a separate development and reading system has been 
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largely discarded by the US and UK authorities, because 
of the high operating costs and the large organisation re- 
quired. Nevertheless the film badge technique is widely 
used in nuclear energy establishments for personal dosi- 
metry and it may be that the use of automatic and semi- 
automatic methods as proposed for Service use could 
simplify procedures for civilian use. 


Automation and radio assay 

In many health physics measurements a radioactive 
sample is produced which requires to be assayed. In many 
cases the activity levels encountered are very low and very 
long counting times may be necessary. For this reason it is 
worth while using automatic methods of radio assay and 
sample changing (5), etc. 

The form of apparatus depends very much on the pre- 
cise method of measurement required, but involves the use 
of a sample-changing mechanism, which takes the samples 
to be assayed one tray at a time and inserts them in turn 
under a radiation detector (usually a Geiger counter or a 
scintillation counter) and removes the sample at the other 
side at the termination of the measurement. The detector 
with the associated electronic apparatus measures the num- 
ber of radioactive emissions in a certain time, records the 
results and computes the disintegration rate (proportional 
to the measured counting rate) which is a measure of the 
quantity of radioactive material present in the sample, and 
this is also recorded. Machines of this sort are capable of 
working night and day with practically no attention and 
very soon pay for themselves. 


photomultiplier discriminator gate 
e* 


y pulse outlet 
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Block diagram for detection 
assembly (Fig. 4) 
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One of the special problems which arises with this type 
of apparatus is the form to be taken by the controller. If 
time-controlled operation is used each sample will be 
counted for a certain pre-set time. This may be convenient 
if all the samples are of approximately the same strength, 
because then all the measurements are made to approxi- 
mately the same statistical accuracy. However, if the sam- 
ples are of widely varying activities. the precision of 
measurement will vary widely from sample to sample. A 
more satisfactory method might then be to use count- 
controlled operation. All the samples will then be mea- 
sured to the same statistical accuracy, but weak samples 
may be assayed for an unduly long time. A more satis- 
factory method (6) is to terminate the measuring period 
by a summation number determined by the sum of the 
counting pulses (from the detector) and the timing impulses 
(from a standard clock mechanism). If n is the total number 
of count + time impulses during a measurement time f, 
then the counting rate is (n — f)/t = n/t — 1. When the 
counting rate is high, the number n comprises a large num- 
ber of count pulses from the detector and a small number 
of time impulses. This means that frequent recordings of 
the counting rate are made. When the counting rate is 
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Anti-coincidence shield 
(Fig. 5) 


low, n is mainly comprised of time impulses and record- 
ings are made infrequently. By a suitable choice of the 
number n and the frequency of the timing impulses it is 
possible to achieve a reasonable statistical accuracy for the 
higher counting rates (very active samples) without wasting 
time unnecessarily on the lower counting rates (weak 
samples). This is illustrated in Table 1. Here the timing 
impulses occur every second and n = 10°. 

It has been pointed out recently by Cooke-Yarborough (7) 
(see also earlier article (8) in this series) that in the majority 
of health physics measurements, e.g. measurement of con- 
tamination, a large proportion of the measurements involve 
samples with no activity, whereas a small number involve 
samples with activities around the maximum permissible 
level, or higher. Given these circumstances Cooke- 
Yarborough suggests that the problem is largely that of 
determining whether a given activity is above or below a 
pre-determined level. He then proceeds to show that in this 
case much saving in counting time can result from using 
a new type of control system in automatic assay systems. 
So far this new system has not been employed on any 
commercial instruments, but it has obvious application to 
all measurements of weak radioactive samples. 

It has been proposed to use this new control technique 
in connection with routine urine tests and other applica- 
tions. In these cases the counting of the samples can be a 
lengthy procedure and it is often the case that the weakest 
samples are of very little interest, and as accurate measure- 
ment is only needed of the more active sample. It, there- 
fore, follows that the rapid rejection of the weak samples 
could save a great deal of counting time. To do this AERE 
propose to employ a difference integrator* for the prelim- 
inary sorting of the samples into ‘high’ and ‘low’, only 
the former receiving a subsequent accurate count. Accord- 
ing to one instance quoted by Cooke-Yarborough, samples 
are counted for 8 h and it is proposed to introduce a pre- 
liminary sorting operation which has an average sample 
time of 10min for weak samples. The distribution of 
activity between samples is such that only for about one 
sample in 100 is it expected that the more accurate 8-h 
measurement will be required, and the average time per 
sample will thus be reduced from 8 h to about 20 min. 

An alternative arrangement being considered by AERE 
is to use the difference integrator in parallel with the nor- 
mal counting system to give a rapid indication if the 
sample activity is low (any ‘high’ indication being ignored). 
It is obvious that it could be used in this way, in con- 
junction with an automatic counting system incorporating 
an automatic sample changer, to curtail the counting of 
weak samples. It is probable that controllers for con- 


* See article 3 in the present series p. 110, NUCLEAR POWER, 
June 1960. 
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TABLE 1 Obtaining reasonable accuracy by a suitable choice 
of count + time impulses and frequency of timing impulses 





STANDARD 
TIMING COUNT COUNT RATE, DEVIATION, 
IMPULSES IMPULSES counts /s &, % 
10 9990 999 = 9-994 1-00 
100 9900 99 + 0.995 1-005 
500 9500 19 + 0-1958 1-025 
1000 9000 9 + 0-0948 1-054 
5000 5000 1 + 0-014 1-41 


trolling automatic systems based on this proposal will be 
produced very soon. 

The parallel boundary method as proposed by Cooke- 
Yarborough not only provides a means of saving counting 
time without losing accuracy, but also provides increased 
accuracy without an increase of average sampling time. 
The original paper should be referred to for fuller details. 

The measurement of very low activities such as are met 
with in these health physics operations allows advantage 
to be taken of this parallel boundary method. It is then an 
advantage for beta and gamma-assays to use a counting 
system with an anti-coincidence shield as shown in Figure 5. 
Here the detector A is shielded by an umbrella of other 
counters which detects mesons contributing to the back- 
ground in A. Pulses from A which are in coincidence with 
the shield counters are cancelled. The importance of re- 
ducing the background count rate lies in the improved 
sensitivity (9) which can be obtained since the minimum 
activity which can be observed in a given counting time 
is determined by the background rate, and hence reducing 
the background rate offers the possibility of improved 
sensitivity. Full. details are given in the reference quoted. 

In the case of urine tests an alpha-activity assay is 
involved for checking quantitatively the presence of uran- 
ium and plutonium. An alpha scintillation counter with a 
very low background is employed (/0) and again the use of 
automatic methods are worth while. 

Recently (see article 3 of the present series) it has been 
shown possible to use selective gamma monitoring instead 
of alpha monitoring. This is particularly worth while when 
the hazard arises from inhaling or absorption of fissionable 
materials (e.g. Pu-239 and U-235) since selective gamma 
monitoring offers the possibility of high sensitivity and 
the use of larger sample sizes and offers, therefore, the 
possibility of a simpler system. 


Radiation monitoring of large areas 

It will be readily appreciated that the routinely available 
monitoring equipment is inadequate to measure the distribu- 
tion of contamination following an accident or other event 
that releases contamination over a wide area. The use of 
an aeroplane proved to be an effective aid in making rapid 
surveys of the country-wide contamination following the 
Windscale (//) incident. An Austin Autocar 145 was em- 
ployed, and the equipment comprised a 4 in. diameter, 
lin. thick Nal (Tl) scintillator and a 35 mm air-survey 
camera for position plotting. Similar equipment has been 
used for aerial survey for uranium prospecting (/2). 
Figure 7 shows the type of equipment which has been 
developed at AERE for this purpose and was employed in 
connection with the Windscale incident. 

It is usual to fly at about 500 ft and at this flying height 

t According to AERE in the case of the monitoring of Pu-239 and 
U-235 in process streams containing fission products the alpha assay 


method is to be preferred as it allows a higher concentration of 
fission products in the process streams. 
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( Fig. 6) 


the coverage of the aircraft is a strip about 1000 ft wide 
This gives a considerable advantage in’ what can be 
achieved by a carborne equipment, but results in other 
advantages, e.g. independence of shadowing effects of 
buildings, trees, etc. However, it is necessary for the air 
craft to fly at constant height; the use of a radioaltimeter 
(see Figure 6) allows corrections to be made for variation 
of altitude. Of course, if aerial surveys are to be used 
careful preplanning of flight patterns is necessary, and it is 
necessary to arrange background flights before the inci- 
dent. The latter is necessary in certain areas as the back- 
ground varies widely over different geological formations 

According to the results available to date aerial survey- 
ing is a valuable technique to be employed when the 
ground contamination produces a dose rate of about 75 
pr/h at a height of 1 metre above the ground (/3). It may 
be noted that for Cs-137 this corresponds to about 8 micro- 
curies /m?. 

Apart from the aerial survey method it is possible, as 
has-been mentioned earlier in this article, to use the remote 
telemetering method. It has the advantage that more pre- 
cise measurements are possible, but has the disadvantage 
of providing only spot coverage. There appears to have 
been considerable development of the remote telemetering 
method in recent years (/4, /5, 16), the use of transistors, 
packing techniques, and the use of single line pairs offering 
many new possibilities. 
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BERYLLIUM MONITOR TRIALS 
Reports of trials of the spectrographic 
beryllium monitor developed by the 
UKAEA were given in a lecture at Wind- 
scale by Mr. M. S. W. Webb of the 
AERE Woolwich Outstation to the 
Applied Spectroscopy Group of the 
Institute of Physics. The text of the lec- 
ture is given in Atom, July 1960, no. 45. 
A description of the monitor is given 


TABLE 1 Comparison of results using 
beryllium pow der (in ug/m’) 


ANALYSIS 
PARTICLE SIZE OF 
FILTER PAD MONITOR 

Fraction 1: 116 94 
All particles over 23 25 
40 4 11 10 
Most of the weight 28 26 
carried by 85 u dia. 54 75 
particles 43 31 
29 38 
12 6 
Fraction 6: 14 16 
All particles less 35 33 
than 25 u dia. 71 62 
55 43 
1-5 2 
a4 43 
31 24 
15 11 
13 12 


on p. 104 of this issue of NUCLEAR POWER. 
In the final design of arc chamber. the 
air sample is drawn through a conical 
annulus which directs the air flow into 
the centre of the arc gap and along the 
length of the arc plasma. The design is 
such that the air velocity is low and the 
particles remain in the excitation zone 
for the maximum time (1 microsecond). 
To excite the particles efficiently, it was 


TABLE 3 Comparison of results obtained 

by the automatic monitor and _ filter 

samples under factory conditions using 
beryllium metal 





SPECTRO- 
MONITOR MEAN CHEMICAL 
g/m? g/m?’ 
1210002100 
01220011005 °% 08 
10300300002 4. as 
00000130421 san 
1001000000 
100 42 102 3°6 30 
000000504 53 
4210327302 04 48 42 
1321233133 
12038433635 28 42 
0251321001 155 1-2 
0010303413 415 1-7 
0083323132 25 2-5 
2724130310 23 2:8 
3119177430 45 3-8 





TABLE 2 Comparison of results for different beryllium compounds (in pug/m?*) 


BERYLLIUM HYDROXIDE 


CRUSHED BERYLLIA CRUCIBLE 


BERYLLIUM AMMONIUM 





° . FLUORIDE 
Spectrochemical Monitor Spectrochemical Monitor Spectrochemical Monitor 
19 12 14 10 51 37 
52 44 62 32 9 16 
37 27 19 13 4 5 
23 13 2:5 2 56 82 
62 46 23 13 51 45 
13 9 33 24 11 10 
18 14 2°5 2 
59 36 
36 26 
18 14 





BURN-UP DATA FROM OBNINSK 

The May (1960) issue of Atomnaya 
Energiya (Atomic Energy) reports an 
investigation of spent fuel elements from 
the Obninsk 5 MWe reactor. The ele- 
ments were irradiated for 104 days and 
Stored for 1160 days. Remote examina- 
tion showed that the diameters of the 
stainless steel cans increased from 14-11 

002mm to 14:20 + 0-02 mm. 


Burn-up, determined from the activity 
of extracted Cs-137, had a mean value 
of 12:5%. This was confirmed by deter- 
mining the uranium content at a point 
in the fuel element by using a mass 
spectrometer. 

Table 4 shows the isotopic composition 
of the fuel element obtained from the 
alpha-radiation spectra and the number 
of spontaneous emissions. 


TABLE 4 Isotopic composition of fuel elements, in kg/tonne of uranium 





- Pu-238 Pu-239 Pu-240 Pu- 244 Am-241 
Experimental 2:54 X 10-4 1-20 0-102 1-27 X 10-2 1-86 < 10-3 
Calculated 1:17 0-100 1-36 X 10-2 : 
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thought desirable to have a_ spectro- 
graphic source approximating in time- 
constant and plasma excitation a d.c. arc. 
This was achieved using a triggered a.c. 
arc operating under arc-like conditions. 
The rest of the apparatus is conventional. 

A series of trials using aerosols of nar- 
row particles size ranges was carried out 
to check the effects of particles size and 
the chemical form of the beryllium on 
the accuracy and sensitivity of the moni- 
tor. Tables 1 and 2 give the reported 
comparisons between the results obtained 
by the monitor and those from analysis 
of a filter pad placed behind the arc gap. 

Results of field trials carried out with 
the cooperation of the ICI Metals Divi- 
sion at Witton, Birmingham, are shown 
in Table 3. Comparisons between spec- 
trochemical analysis of filter pads and 
the monitor show the advantage of the 
latter in being able to detect high con- 
centrations of beryllium over periods 
which would be too short to enable them 
to be detected by conventional tech- 
niques. 


BSD SAMPLING AT CALDER 


Low concentration at the sampling hole 
of the gaseous fission products from a 
can failure due to incomplete mixing 
with coolant, could make the damage 
less sensitive to detection. Investigations 
in a Calder Hall channel on this sub- 
ject are described in a UKAEA report 
IGR-TN/W-1016 by T. Burgoyne, avail- 
able from HMSO. Nitrous oxide was 
injected into the airflow in a model chan- 
nel and detected downstream with an 
infa-red gas analyser. Mixing was slow 
along the elements, with incomplete dis- 
tribution, largely due to poor circum- 
ferential mixing, after half the length of 
the channel. This is compensated for by 
good mixing between the top of the last 
fuel element and the sampling hole. The 
report says there would be no advantage 
in changing the present sampling position 
as the combined mixing effect ensures 
adequate detection efficiency. 


New Re por ts 


Raiietadiaaii in aperena J. J. McMahon 
and A. Berman. National Industrial Con- 
ference Board, N.Y. Nov. 1959. 136 pp. 
Report NYO-2977. Available from OTS 
$2-75 or depository library. 

HBWR physics experiments. Halden, Norway. 
Jan. 1960. 108 pp. Report HPR-3. Available 
from depository library. 

The ocpRE Programme. W. M. Campbell. 
Chalk River, Ontario. Oct. 1959. 17 pp. 
Report AECL-945. Available from AECL 
$0-50 or depository library. 

Atomic energy in aviation and rocket tech- 
nology (collection of artices translated from 
the Russian). 1959. 547 pp. Report NP-tr- 
344. Available from OTS only. 

Pilot-plant evaluation of COD (S.4) ‘i 
tamination solution for removal of U 

J. M. Lojek, A. Zirkes, and W. T. Lenteey 
Jr. Westinghouse Electric Corp. Bettis Atomic 
Power Lab., Pittsburgh. 15 pp. Report 
WAPD-BT-16. Available from OTS $3-50 
or depository library. 

A study of techniques and the ye geod 
of equipment for decanning EBR-II fuel ele- 
ments. J. P. Simon. Argonne National 
Laboratory. Jan. 1960. 21 pp. Report ANL- 
6106. Available from OTS $0-75 or deposi- 
tory library. 
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PROGRESS IN INDUSTRY 


Analogue and digital 


The US National Bureau of Standards 
has been investigating a proposed 
analogue-digital differential analyser 
that combines the analogue advantages 
of high speed and continuous repre- 
sentation of variables with the digital 
capability for high precision and 
dynamic range. It represents dependent 
variables by two quantities, a digital 
number representing the more signi- 
ficant part, and an analogue electrical 
voltage representing the less significant 
part. 

So far, an integrator and a multi- 
plier have been designed. In general, 
they consist of one or more of the 
following units: an input digital regis- 
ter, a register for accumulating digital 
results, a digital-to-analogue converter, 
a conventional analogue integrator, a 


combining the advantages 


resettable analogue integrator, an 
analogue summer, and a comparator. 
These basic units can be constructed 
from electronic digital and analogue 
circuits in present common usage. 
Analogue-to-digital converters are not 
required for this system. 

The over-all analyser is designed so 
that the time period (At), during which 
the number in the digital registers do 
not change, is made as small as pos- 
sible, consistent with component limi- 
tations, in order to permit the maxi- 
mum number of such periods. 

In a somewhat similar field, but 
with more stress on flexibility and 
range of problems, is the new 
RADIC system developed by Redifon. 
This is a fully integrated assembly of 
analogue and digital sub-units designed 








HINKLEY POINT CONTROL The main control board for the Hinkley Point nuclear 
power station has been completed at English Electric’s Stafford works and is being 
despatched to site. The 33-panel board, which is 52 ft long, will control the main 
generators, the variable frequency auxiliary turbo-generators, the d.c. auxiliaries 
and the fourteen 275 kV 7500 MVA air-blast circuit breakers in the outdoor switch- 
ing station. The six main generators, which are hydrogen cooled, have been designed 
for a normal output of 87 MW at 15 Ib/in?, but by raising the pressure to 25 |b/in?, 
maximum output has been increased to 93-5 MW. Generation voltage is 13,800 V 
and this has been stepped up by generator transformers to 275,000 V for transmis- 
sion. The three 33 MW V/F generators, one of which acts as a standby, are to be 
used to supply power to the a.c. motors driving the Co, air blowers 


to enable complex calculations, simt 
lation and data reduction to be accor 
plished with the stability and ease o 
operation of a digital computer, con 
bined with the speed and simple prc 
gramming of analogue computatior 

Basically the system comprises a 
assembly of d.c. drift-corrected am 
plifiers, electronic multipliers an. 
diode-network function generator 
operating on a relatively fast tim 
scale. Numbers and physical variable 
are represented by voltage level: 
Digital devices are used for feediny 
the analogue with numerical data, a; 
well as for the storage of data. 

The magnetic-tape digital storage 
system helps to extend the field o! 
use to complex types of input data 
which the normal analogue compute: 
is unable to handle. Containing two 
tape decks, a digital encoder and a 
digital-to-analogue converter, the stor 
age system takes the form of a 
separate cabinet which enables it to 
be taken to a remote site for recording 
purposes. 

The RADIC system can be used for 
such problems as heat exchanger and 
reactor analysis and design and for 
statistical, flow-line and systems ana 
lysis and linear programming. 


Reducing the static charge 
panels for computers 


Glass panels, that carry off electric 
charges built up in equipment such as 
large computers, have been developed 
by Corning for use as windows and 
transparent partitions. 

The shield consists of a panel of 
borosilicate glass coated on one side 
with a thin (7; millionth of an inch), 
transparent metallic film, permanently 
fired. This coating intercepts the radi- 
ated interference, which then can be 
grounded by such devices as conduc- 
tive tape, carbon button, or clamp-on 
spring. 

The coated panel transmits 70% of 
visible light and the glass resists ther 
mal shock and corrosion. 


Triga elements modified 
stainless canning 


General Dynamics propose to modify 
their fuel elements for the Torrey 
Pines Triga reactor. Canning material 
will be changed from 0-030 in. thick 
aluminium to stainless steel of 0-010 in. 
or greater in thickness. The fuel rods 
are to be composed of two or more 
sections rather than a single 14 in. 
rod; the original 1-4in. diameter re- 
mains unchanged and the total length 
will not exceed 14in. Fuel rods will 
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ntain an axial hole of up to tin. 
in diameter with the hole blocked by 
non-fissionable material such as gra- 
phite, zirconium or stainless steel. 

No more than a total of twelve re- 
designed elements will be loaded into 
the reactor at any one time. 


Fuel for small reactors 


niobium-uranium alloys 
Research on niobium-uraniumalloys by 
the USAEC indicates a promising use 
in future compact reactors, of the type 
likely to find use in portable electrical 
power generators, space craft propul- 
sion systems, and in ship propulsion 
systems, where a long-life core and 
corrosion resistance are prime con- 
siderations. 

A niobium alloy containing 20 
weight per cent uranium showed ex- 
cellent tensile strength and hardness 
at temperatures in the 1600°F range. 
In addition, it has other desirable 
qualities—high thermal conductivity, 
good corrosion resistance—and it also 
retains fission gases. Fabrication tech- 
niques present no problems for niobium 
alloy can be prepared with little or no 
difficulty by a consumable-electrode 
arc-melting technique. 











BURST SLUG DETECTION Fission pro- 
duct monitoring (BSD) equipment, mar- 
keted by Plessey Nucleonics, is being 
installed at the Dido and Pluto reactors 
at Harwell, the DMTR reactor at 
Dounreay and at similar materials test- 
ing reactors abroad. The equipment 
comprises a 25-way gas selector valve 
block, a reciprocating rod type precipi- 
tator, a gas ionization detector system, 
electronic counting equipment and 
power supplies. As the carrier gas, and 
the associated fission-product gases (if 
present), carry over through the selec- 
tor system a certain amount of heavy 
water, this is condensed with the aid 
of a refrigeration system and subse- 
quently returned to the reactor 
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Analogue reactor computer 


An analogue computer, MARC, which 
combines special purpose equipment 
tailored to reactor design studies and 
general purpose computing units, has 
been developed by Miles Electronics. 
For normal use, all units are wired as 
a reactor loop but, by the removal of 
a few shorting links, the loop is broken 
allowing the general purpose units to 
be programmed for the solution of 
general problems. 





multi-purpose facility 
The special purpose equipment in- 
cludes a kinetic unit with automatic 
rescaling over 10 decades and logarith- 
mic and linear channels; a _ photo- 
neutron unit; and [1-135 and Xe-135 
poisoning integrators. The general pur- 
pose system comprises: 30 high gain 
drift connected d.c. amplifiers ; 16 co- 
efficient units ; 12 integrator units; and 
3 non-linear function generators, each 
providing sixteen break points. 


MARC combines the advantages of a reactor simulator and a general purpose 
computer. It was recently demonstrated at the Rome exhibition and units are 
being installed at the Dusseldorf Reactor Centre and at Rome University 


New 12-5 GeV accelerator 


Argonne extends facilities 


The Argonne National Laboratory is 
to be equipped with a £MI10 zero 
gradient proton synchrotron that will 
accelerate particles to energies of 12°5 
GeV. One of the most difficult prob- 
lems was the fabrication of a 5000 
ton ring of magnets, composed of 
40,000 half-inch tapered steel sheets 
glued and bolted together, the whole 
requiring the utmost precision. 

The ring, which will be 200 feet in 
diameter, is formed by eight magnets, 
each weighing 600 tons and composed 
of 16 subassemblies of steel sheets. 
Insulation will be made by fibreglass 
layers, twelve-thousandths of an inch 
thick, and cementing by use of epoxy 
resin. The relatively small circle of 
magnets, resulting in a saving in steel 
amounts, has been made possible by 
the high magnetic field strength. The 
first sections are expected at the end 
of 1960 and the whole project is 
scheduled for completion by 1962. 


High temperature metals 
alloys under development 


Alloys of niobium, aluminium and zir- 
conium are under development at 
Battelle that should lead to improved 
high temperature strength. Zirconium 
alloys containing combinations of 
iron, nickel and chromium appear 
promising for applications in steam at 
900-1000°F, as do  copper-molyb- 
denum-zirconium alloys. 

Niobium alloys with almost equal 
corrosion resistance as Zircaloy-2, but 
with greater high-temperature strength 
and a higher neutron cross section, 
include a 12 atomic per cent vanadium 
alloy ; a 28 atomic per cent titanium ; 
6 atomic per cent chromium alloy; 
and alloys containing over 45 per cent 
zirconium. Aluminium alloys contain- 
ing up to 1% iron and/or nickel, plus 
smaller amounts of beryllium, tita- 
nium, and zirconium, have shown im- 
proved corrosion resistance and are 
now being considered for use in pres- 
surized water reactors. 
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The underwater decanning plant at Marcoule 
has proved itself to be satisfactory and reliable 


Decanning fuel elements from Marcoule 


by G. DELEUZE and G. PETILLAT, Société des Forges et Ateliers du Creusot, and R. GUILLOTEAU, CEA 


HE FUEL ELEMENTS from the G2 and G3 reactors are bars 

of natural uranium canned in light alloy. The length of 
the cylindrical bar is 282mm (11:10 in.) and either 28 or 
31 mm (1°10 or 1-22 in.) in diameter according to the posi- 
tion in the reactor. Weights are respectively about 3-216 kg 
(7-09 Ib) and 3-960 kg (8°73 lb). Each bar has a spiral rect- 
angular groove 03mm (0-012in.) deep at a 12mm 
(0°47 in.) pitch. 

The canning material is magnesium-zirconium alloy with 
0-4% Zr and there are 16 longitudinal fins. The tube is 
closed at both ends by caps of the same material. 

Irradiated elements from the reactor are placed in 
batches of four in cases made of A5 aluminium which are 
70-73 mm (14:57-14-67 in.) in diameter and about 1385 mm 
(54°53 in.) long. After sealing, they are put in the cooling 
pond and subsequently taken for decanning. 


Working conditions 

The large number of cartridges to be dealt with means 
that decanning has much in common with continuous 
production processes and is carried out entirely mechanic- 
ally. Special difficulties are raised by the irradiation, how- 
ever: on the one hand, the operating personnel cannot 
be exposed to the danger of radiation or contamination, 
and on the other hand, the cartridges are sometimes de- 
formed. It is necessary, therefore, to protect operating 
personnel, and at the same time allow them to observe 
the operation of the machinery, so that they can imme- 
diately intervene if anything goes wrong. 

The general arrangements, together with the main prin- 
ciples of water-shielded decanning, were partly established 
by the CEA through a pilot plant at Marcoule which used 
irradiated fuel elements. They were confirmed by numerous 
tests made with full-size inactive cartridges. 

Decanning proper is carried out in two stages: prelimin- 
ary slitting of the can along two diametrically opposite 
longitudinal lines, and extrusion of the bar of uranium 
through a die. 


The installation in general 

The water-shielded mechanical decanning installation 
consists of two parallel but separate lines served by a 
delivery channel leading from the cooling pond. Each line 
comprises a pond where the cases are opened; a decan- 
ning pond, and a storage well for decanned bars. All 
these ponds can be isolated by means of sluice-gates. 

The machines are mounted on fixed pedestals at the 
bottom of the ponds. Most of their actions are produced 
by hydraulic rams supplied through flexible pipes so that 
the machines can easily be withdrawn from the water if 
necessary (see Fig. 1). 

The handling of the cartridges and the removal of bars, 
pieces of cans, and halves of cases, are carried out by 
operators moving on gantries over the ponds. Water- 
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telescopes enable all the machines and the handling equip- 
ment to be kept under continuous observation, and the 
movements of the hydraulic rams are repeated on control 
panels by means of sealed flexible transmission lines. 
Among the precautions taken by the CEA to avoid 
spreading of contamination, were: continuous filtration of 
the water in the ponds; localized filtration, by means of 
suction heads drawing in the water around operational 
points; ventilation of the space between the gantries and 
the surface of the water in the ponds and using water 
instead of oil in the hydraulic rams. If there were an 
escape of oil, drops carrying contaminants in suspension 
might rise to the surface of the water. Also, an escape of 
oil would adversely affect visibility through the water. 


Pond for opening cases 

Each pond is provided with a machine for cutting open 
the aluminium cases. Handling is by means of removal 
channels, a hydraulic transporter for the empty cases, and 
special poles. 

The cases are opened by cutting each case across the 
middle with it in the horizontal position; then drawing 
the two halves apart and tipping them until they are 
vertical, thus causing the cartridges to fall out. 

The cases are cut by sharp-edged wheels—a method of 
cutting which is considered preferable to milling or sawing 
because no metal fragments are produced and no water is 
churned up by rapidly rotating parts. 

During cutting, the case has a tensile load applied to it 
by the action of two rams acting on the tipping devices 
in opposite directions. 

When the clamping jaws of the tipping devices are re- 
leased the empty halves of the case fall into another 
removal channel. The cartridges and the halves of the case 
are directed towards the appropriate channel by a hy- 
draulically operated selector flap. 

All the rams carrying out these various movements are 
controlled semi-automatically from a panel on the gantry 
above the machine. ; 

The operator can turn, by a ratchet-lever, a spindle 
carrying cams which actuate a series of valves controlling 
the admission of hydraulic fluid to the rams and its re- 
lease. Repeaters on the panel for ram movements allow an 
electrical safety locking system to lock the camshaft against 
further movement if there is any defect. The valves can be 
operated separately by manual control levers in a different 
order from that of the programme cycle, if desired. 


The decanning pond 

The can slitting machine The object of this machine is to 
cut grooves or slits along two diametrically opposed longi- 
tudinal lines on the can so as to reduce the amount of 
pressure required to extrude the bar from the can. Slitting 
by means of sharp-edged disks was preferred to milling or 
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sawing for the same reasons as in the case-opening pond. 

fhe main part of the slitting machine is a detachable 
cuiting-disk unit provided with two cutting disks and two 
guide disks, all freely rotatable on their spindles. The 
cartridge is placed on two supporting members with the 
aid of a rake-headed pole, so that it lies in the axis of the 
machine. A ram, controlled by the operator by means of 
a three-way manually-operated control valve, actuates a 
punch which forces the cartridge into the cutting-disk unit, 
where the two cutting disks, pressed towards each other by 
spring washers, cleave the can as it passes between them. 
The extrusion machine Extrusion is effected by applying 
a ram-actuated punch to one end of the cartridge with 
the can resting, at the other end, on the edges of a die. The 
diameter of the ram is less than the inside diameter of the 
can, so that it only presses on the bar of uranium. The 
diameter of the die is such that it holds back the can but 
allows the bar to pass through. The punch and the die 
unit can be remotely handled. 

After slitting the can, the cartridge is placed in the 
extrusion machine by a handling pole fitted with tongs, 
so that one end of the cartridge rests on a support inte- 
gral with the die mount and the other end rests in a center- 
ing device. The operation controls the ram using a three- 
way control valve similar to that used on the slitting 
machine. In this, the spring-loaded centering cone slides 
over the end of the cartridge; the punch then comes into 
contact with the endcap of the cartridge and brings about 
extrusion of the bar. Because of the grooves cut along the 
can by the cutting disks, extrusion of the bar causes the 
can to fall apart. 

Endcap removing machine Sometimes an endcap sticks to 
the end of a bar of uranium. In this case it is removed 
by a guillotine-like device. 

Removing the uranium bars A retractable spout provides 
a connexion between the decanning pond and the storage 
well, by way of one of the sluice gates. When this spout 
is in position, the decanned bars are moved, one at a time, 


A case is presented for the separate consideration of the 
hydrodynamic and thermal aspects of nucleate boiling 




















y e ~ ' , rn 
] {a 7) \(5) wu (6 
LENA Be 
= 7 a —y 
\ | 
te level | Jj 2 
a‘ ; 


























F 

















<= 





























\ | 
Uta. @ 12) b 


cutting head 7 
tipping devices 8 
hydraulic transporter for re- removal ‘ 
moving empty cases : device for removing bars 
| 
2 





pivoted handling poles 
hydraulic transporter for can 


electric motor and reduction gear 1 basket for bar storage 
driving shaft 1 gantries for operators 
contro! panel ] endcap removal machine 


oun wnr— 


Fig. 1 Schematic view of the installation 


in front of a plunger attached to a ram, which pushes 
them into the spout in groups of four until they drop freely 
into a storage basket. This operation is manually 
controlled. 


Hydraulic power supply system 

The hydraulic power supply system delivers fluid under 
pressure to the various rams in the decanning lines. It 
consists of a low pressure circuit (10 kg/cm?, 142-2 Ib/in?) 
for supplying the low power rams, and a medium pressure 
circuit (30 kg/cm?, 426-7 Ib/in?) for supplying the rams used 
for cutting and extrusion. The motive fluid is demineral- 
ized water with about 5% by volume of pure glycerine 
added to it. 


A gas-liquid analogue of nucleate boiling 


by G. B. WALLIS, B.A.(Cantab), S.M. (MIT), Research Fellow, AEE, Winfrith 


OILING IS A COMPLEX phenomenon involving both ther- 

mal and hydrodynamic processes. A complete analysis 
requires the solution of the equations which govern both 
processes. The hydrodynamic problem may be solved on 
its own only if the boundary conditions imposed by the 
thermal processes can be specified. If these boundary con- 
ditions can be accurately simulated in a purely hydrody- 
namic system, the problem may be attacked by an analogue 
approach. 

A gas-liquid analogue, using a porous medium as the 
generating surface, makes it possible to devise simple 
experiments using two discrete components to verify theore- 
tical predictions, and to throw light on many aspects of 
the boiling process. 

Two-component systems have the advantage that each 
phase is distinct and recognizable ; it maintains its identity, 
and flow rates can be measured without confusion. A finer 
control over the generation process can be achieved and 
Many uncertainties inherent in heat-exchange devices such 
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as surface temperature distribution, heat losses, hot spots 
etc. can be eliminated. 

The hydrodynamic aspects of boiling have been analysed 
by many authors (/-6, /0), of whom some have tried to 
describe certain boiling phenomena on hydrodynamic 
grounds alone. 

Few experiments have been conducted to test how far 
the hydrodynamic aspects of boiling may be separated 
from the thermodynamic aspects and, though numerous 
experiments (7) have been undertaken under the general 
heading of two-phase flow, little work has been done in 
the field of the direct simulation of boiling using two- 
component systems. The problem has been the develop- 


SYMBOLS 
AP = Pressure drop ro = radius of mouth of cavity 
T = Temperature rm = minimum radius 


AT = Wall superheat , am . 
hr, = Enthalpy of evaporation "ts ~ volume of evaporation 
r = radius o = surface tension 
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Fig. 1 Idealized 
conical cavity 


ment of a technique for simulating the generation of 
bubbles at a surface. Two phases may flow together in 
an infinite variety of ways and one cannot expect to simu- 
late boiling phenomena accurately unless the initial and 
boundary conditions are the same in the analogue as in the 
boiling system itself. For this reason, most of the results 
derived from air—-water and similar systems are often 
misleading, if applied indiscriminately to systems in which 
boiling is actually taking place. 


Surface boundary conditions 

Boiling Boiling from a surface is not a purely random 
phenomenon but tends to take place around certain 
favoured nucleation sites. These points may consist of 
patches of impurities, gas absorbed at faults in the crystal 
lattice, or surface defects such as pits and cavities (7, //, 
12, 13). It is, of course, impossible to describe the geometry 
of all the cavities on a surface in full, and a statistical 
description of surface conditions is necessary in the case 
of commercial surfaces. Nevertheless a proper understand- 
ing of the behaviour of a population of cavities may be 
approached from a study of single cavities of a simple 
geometry. Such an approach was used by Griffith and 
Wallis (/4) who made conical indentations in a surface 
and observed nucleation from them (Fig. 1). Good corre- 
lation with theory was obtained in their experiments. 
Bubbling To simulate the generation of bubbles in boil- 
ing, use may be made of sintered porous materials. These 
materials consist of a vast number of minute metal (or 
other) particles formed in a mould, pressed together and 
heated until they join. Pore sizes are distributed statistic- 
ally and shapes also are random. When gas is pumped 
through the material into a liquid, bubbling starts at pre- 
ferred sites, the nucleation centres. The behaviour of such 
a system may be compared with the behaviour of a boil- 
ing system. 

For a mathematical analysis of the bubbling process, 
an idealized pore is considered. It consists of a nozzle or 
duct of varying diameter but always of circular section 
(Fig. 2). As with a boiling surface, a statistical analysis is 
necessary for a complete description of the surface. 


Nucleation 


The initiation of boiling from a cavity and the start of 
bubbling from a nozzle or from a pore in a porous material 
are almost identical processes. 

Boiling Griffith and Wallis (/4) have shown that nuclea- 
tion from a cavity can be explained in the following 
way: 

If a bubble exists in a cavity as shown in Fig. 1 it is 
subject to excess pressure due to surface tension effects. 
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The actual value of the excess pressure depends on th: 
cavity geometry and on the contact angle. For simplicit, 
a contact angle of 90° and a conical cavity are considere: . 
In this case, the excess pressure in the bubble is: 
Ap = 2e/r (i) 
In the absence of superheat or an extraneous gas such <s 
air, the bubble will be unable to exist and collapses. If the 
bubble is in equilibrium there must exist a superheat give. 
by the Clausius-Clapeyron relation: 
Tv; Tv;, 2 
AT =—* - Ap=—* - — () 
hy, he, r 
When the cavity is already active and contains vapour, 
the value of r to be substituted in equation (2) is the mouti 
radius r,. In a completely wet cavity a very high value of 
T is needed to initiate boiling. In practice, the cavity is 
activated by a small bubble of air or by vapour which 
spreads from a neighbouring cavity and becomes trapped 
by the turbulence set up by the boiling process, For clean 
surfaces and pure liquids very high superheats may be 
obtained before boiling will begin. 

During a boiling experiment, the number of active cavi- 

ties is determined by the superheat and by the distribution 
of cavity sizes, dependent upon the surface finish of the 
material. 
Bubbling If an interface exists in a pore, as shown in 
Fig. 2, there must be an excess pressure in the gas supply 
given by equation (1). If no excess pressure is supplied and 
the liquid wets the surface, the air will be driven back 
to the entrance to the pore. For the interface to be in 
equilibrium an excess pressure must be supplied. When a 
completely active pore is passing a stream of gas, the value 
of r to be substituted in equation (1) is the mouth radius 
r,. The pressure required to activate a completely wet 
pore is given by equation (1) using the minimum pore 
radius r,,. If the pore contains a neck or waist, high pres- 
sure may be necessary to initiate bubbling. 

During a boiling experiment the number of active cavi- 
pores is determined by the excess pressure and by the 
distribution of pore sizes on the surface of the material. 

In both boiling and bubbling experiments nucleation 
phenomena may be described by the same basic equations. 


Bubble growth 


Boiling Several attempts to evaluate bubble growth rates 
in boiling from thermodynamic reasoning have been made 
(17-20). The usual approach is to write thermal conduc- 
tivity relationships with conveniently assumed boundary 
conditions and to try to solve them. Reasonable success 
has been achieved. Most solutions (/8—20) have been based 


liquid 


< surface 


Fig. 2 idealized sin- 
tered metal pore 


gas 


NUCLEAR POWER August 1960 





be 


aVi- 
‘ion 
the 


| in 
yply 
and 
ack 


NUCLEAR TECHNOLOGY 





upon the growth of bubbles in a uniformly superheated 
liquid, but it is unlikely that the results are wholly valid 
for the growth of bubbles in the temperature gradients 
existing in a thermal boundary layer. Griffith (/7) tried 
to make allowances for the temperature gradient near the 
wall by using a linear approximation. 

Because thermal conditions in the layer of fluid near 
the heated wall are fairly chaotic as a result of violent 
turbulence induced by the departing bubbles, it seems 
extremely doubtful whether the bubble growth problem 
could ever be solved exactly. In any case there are bound 
to be statistical fluctuations in the results. Any theory is 
bound to contain some elements based on the correlation 
of observed data. 

In reference (9) Staniszewski’s results (6) are used to 
show that the major part of a bubble’s history in bulk 
pool boiling can be approximated by a linear increase of 
volume with time. This conclusion is entirely empirical and 
differs from the majority of growth rate theories which 
predict that the bubble radius should increase as the square- 
root of the time (/8-20). However, the linear relationship 
has the virtue of an experimental basis. Statistical thermal 
fluctuations are only manifested as changes in the slope 
of the volume-time curve. Statistical hydrodynamic fluc- 
tuations are displayed in the lifetime of the bubbles and 
are due to the premature removal of a bubble by the 
turbulence in the boundary layer. The linear nature of 
the growth curves remains invariant. The break-away time 
is determined by hydrodynamics alone. 

Bubbling Once a bubble has begun to grow, the excess 
pressure necessary to overcome surface tension soon be- 
comes negligible. 

With small diameter pores, the pressure drop during 
the growth process is determined solely by the pressure 
drop required to force a given flow rate through the pore. 
For a given pressure drop, this flow rate will be constant 
and a plot of volume against time will be linear (9, /5). 
The slope of the curve will be governed by the pressure- 
drop characteristics of the pore. 

The time taken by the bubble to break away from the 
surface in still fluid is dependent upon the properties of 
the fluid, the pore geometry and contact angle. When 
several bubbles are agitating the fluid, turbulence is set 
up and a statistical spread is introduced into the break- 
away time. 

The linear nature of the post-critical growth process is 
confirmed by experimental evidence in the case of both 
boiling and bubbling through a nozzle. The break-away 
times in each case are in fair agreement and individual 
variations can be explained by statistical arguments. 

The hydrodynamic phenomena in both bubbling and 
boiling bubble growth appear to be the’ same and can be 
described by the same equations once the relevant para- 


TABLE V Similarity between bubbling and boiling phenomena 


DEPENDENT 
PHENOMENON VARIABLES 


Nucleation Numberof Excess pressure Wall superheat 
centres APyporesize and AT, cavity size 
shape, surface and shape, surface 
tension tension 
Bubble Growth AP acting upon AT acting upon 
growth rate pore diffusivity, liquid thermal 
(linear) variations due to diffusivity. Statis- 
pore characteris- tical variations 
tics due to turbulence 
Growth Hydrodynamic. Hydrodynamic. 
time Statistical varia- Statistical varia- 
tions due to agi- tions due to agi- 
tation tation 


DETERMINING ‘FACTORS 
BUBBLING BOILING 
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meters are defined. The actual mechanism of vapour or 
gas generation is irrelevant so far as the hydrodynamics 
are concerned, so long as the bubble growth curves are 
similar in the two cases. 


Departure from nucleate bubbling/boiling 

If the departure from nucleate bubbling is due to the 
interference and agglommeration of nearby bubbles (3, 
21, 22), it might be expected that the hydrodynamic rela- 
tions governing this phenomenon would be the same in 
bubbling and boiling systems. 

Once such a transition point is reached, the analogue 
breaks down because the mechanism of gas (vapour) for- 
mation ceases to be similar. 

Nevertheless, at very high gas flow rates it could be 
expected that the gas would form a blanket over the sur- 
face which becomes dry. If such a flow pattern could be 
observed, the hydrodynamics governing the escape of gas 
from the immediate vicinity of the generating surface 
might be analogous to those describing the escape of steam 
in film boiling. 


Conclusions 

The points of similarity between bubbling and boiling 
phenomena are summarized in Table 1. 

A close parallel has been shown to exist both in the 
nucleation process in the growth of a bubble while still 
attached to the surface, and in the mechanism of depar- 
ture. It should be possible to reach a better understanding 
of these phenomena by performing suitable experiments 
with two-component systems. 

No further claims are made for the analogue. The fur- 
ther growth of a steam bubble after leaving the heating 
surface (23) cannot readily be simulated by a two-com- 
ponent system. Heat transfer in boiling cannot be directly 
compared with the rate of bubbling, since the increased 
heat transfer in boiling systems is due primarily to the 
increased agitation in the boundary layer rather than the 
latent heat carried away by the bubbles (23). 
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Cross Section » ceaccuus 


PERHAPS IN no small manner an indi- 


cation of the Government’s thinking on 
nuclear power was the way the Minis- 
ter of Power, Richard Wood, described 
the recent revisions in the power pro- 
gramme in the House of Commons. 
On the day ‘the’ White Paper was 
published, he said: ‘ Rather than being 
a cut-back, it is a deferment of the 
acceleration which was planned in 
1957’. I understand he was apparently 
surprised by the subsequent laughter. 
There must also have been some 
head-scratching among the consortia 
design teams after Sir Christopher 
Hinton’s aside at the Press conference 
on the revised programme. He was 
speaking about the Advanced Gas- 
Cooled Reactor and at the end of his 
comments casually mentioned that 
Oldbury might be an AGR, though it 
was unlikely that so large a station 
would be chosen for the first commer- 
cial AGR. This type of statement will 
make everything very clear, for the 
consortia have been informed that Old- 
bury is to be Magnox canned. 
Comments in the newspapers on the 
announced cuts took various lines. 
Most felt that the decision was justi- 
fied, though the Guardian, as did 
NUCLEAR POWER, wondered whether by 
slowing down construction ‘ technical 
progress towards more efficient types 
of nuclear reactors might be delayed ’. 
The Times pointed out that the com- 
parison of costs of electricity from nu- 
clear and conventional plants assumed 
that the capital cost should be calcu- 
lated on the gilt edge rate of interest 
because the Electricity Authority 
borrowed at that rate. ‘This is a wholly 
inappropriate method as has _ been 
widely recognized’, the leader stated. 
Other papers, such as the Scotsman, 
felt that the decision ‘ must strengthen 
fears that the Government has given 
way to pressure on behalf of coal’. 
Far be it from me to suggest any- 
thing like that, but it did strike me as 
incongruous that the cuts should come 
after the United States has drawn up 
a ten-year plan for research and de- 
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velopment; when Frank Pittman, the 
director, and U. M. Stabler, senior 
assistant director, of the US AEC’s 
Division of Reactor Development, 
should have said in April ‘. . . it will 
be possible to achieve economic nu- 
clear power in high cost areas of the 
US by 1968 with continued aggres- 
sive development of light-water cooled 
and organically cooled reactors °. The 
relevant word seems to me to be 
aggressive. 


THE PLASMA gun, entropy and skew 


trapping devices, Perhapsatron S-5, 
Zeus, fast spark switches, fast con- 
densers, Scylla, the orthonogonal pinch 
and Ixion were inspected by five Soviet 
scientists who recently toured US con- 
trolled thermonuclear research instal- 
lations. I understand they retaliated by 
describing their own work in the same 
field. There is also a rumour that three 
interpreters retired ‘hurt’; two with 
nervous breakdowns and one, who was 
quietly incarcerated after suddenly 
causing havoc among the distinguished 
guests by applying what he jovially 
called his variation of the orthono- 
gonal pinch. 


THE ACRIMONIOUS debate as to 


whether nuclear merchant ships will be 
economic or not has, I think, been put 
into perspective by Louis H. Roddis, 
chairman of the US Maritime Research 
Advisory Committee. Speaking at the 
recent ship’s conference in  Phila- 
delphia organized by Atomic Industrial 
Forum Inc., he stated: ‘It should be 
remembered that the first Savannah 
was probably not viewed as an econ- 
omic or commercial success either . . 
steam power was, and is, much more 
expensive than sails’. 


I SAW ONLY two representatives from 


the UK mingling among the hundred- 
odd Europeans at the recent ceremony 


inaugurating work on the Eurochemi 
establishment. But if Dr. Rennie o 
the Dragon project and Mr. Peirson o 
the UKAEA compared the expanse o 
dead waste land lying before them wit! 
the thriving UK plants, they may wel 
have thought that Britain would have 
little to gain by joining the project 
So far, only the walls of one smal 
block have been built and it will be 
some time before any of the Euro- 
chemic scientists move across the cana 
from their makeshift home in the Mo! 
Research Centre. They have been 
working there for over two years while 
the grindingly slow process of organ- 
izing an international company con 
tinued; until the tenth country con 
cerned ratified the agreement a year ago 
thus giving the company a legal exist 
ence at last, the necessary money had 
been advanced by the European Nu 
clear Energy Agency. In the circum- 
stances, the continued optimism of the 
scientists was a surprise to me. ‘It’s 
difficult to do much here ’, one of them 
confided as we walked round the rather 
meagre laboratories rented from the 
Mol Research Centre, ‘but it won't 
be long now before we really get 
under way ’. I also heard several regret 
the UK’s absence from the project. In 
practice, the AEA and _ individual 
British scientists are apparently most 
helpful when asked, and the supply of 
technical information would not be 
materially affected if the UK bought 
its way in officially. ‘But we would 
like to have the UK with us’, Dr 
Rometsch, the Technical Director, told 
me. It is evidently the psychological 
effect which counts. But unhappily, this 
is just one more continental enterprise 
from which the UK has kept insularly 
aloof. 


ANOTHER BLOW for commonsense 


about radioisotopes, albeit through the 
medium of a radio play which con- 
tained the largest number of footsteps 
I have heard, was struck by the BBC 
with their skilful presentation of 
Stephen Grenfell’s play ‘The Herd’. 
The plot, briefly, is that a private firm 
builds a radioisotope plant in a small 
country town. The locals resent this; 
to them it is out of the normal and 
almost witchcraft. Their resentment 
boils over into a near riot when an 
experimenter contaminates his family 
and all around him by carrying an 
exposed gamma source home. The end- 
ing was happy; an oration by the direc- 
tor of the establishment sent everyone 
home. Apart from its entertainment 
value, the play seemed to me to bring 
home again to the public what a lot 
of nonsense is talked about radiation. 
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RADIATION MONITORING 


automatic body scanning 
Nuclear Enterprises have produced two 
versions of a whole body monitor for 
radiation detection. The NE8102A assem- 
bly employs four 4} in. dia. X 2 in. thick 
Nal(Tl) crystals which are viewed by 
four EMI9530A photomultipliers moun- 
ted on an annular ring, automatically 
scanning the whole length of the patient's 
body. 

The NE8102B equipment, designed for 
Windscale, uses four Sin. dia. X 4in. 
thick Nal(Tl) crystals, thereby permitting 
scintillation spectrometry with high 
counting efficiency in an arrangement 
where the count rate is independent of 
localization. In addition, a 3in. dia. X 
Sin. thick crystal with lead collimator is 
used to give localization. 

The overall resolution of the four 





The NE8102B body monitor, with five 
large Nal(TI) scintillators, gives high 
counting efficiency 


large head units, expressed as the full 
width at half height of the 0-661 MeV 
Cs!87 gamma ray photopeak, is approxi- 
mately 10°. The individual resolution of 
these units is in the range 8-5-10%. 


% No 208 
FLUID FILTERS 


One micron adjustments 
LV. Pressure Controllers have _intro- 
duced an adjustable filter to cater for the 
present trend towards smaller particle 
sizes. A graduated scale on the end of 
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the filter housing indicates the various 
settings which may be selected, in incre- 
ments of one micron. 100% cut-off can 
be achieved with any particle size since 


The new IVP controller adjustable filter 
can be completely exposed for cleaning 
without breaking the pipeline 


the filtration gap can be diminished at 
will either to meet changing conditions 
of flow, or to attain greater cut-off 
efficiency. 

The filter element is in the form of a 
conical male plug arranged to fit within 
a similarly tapered female housing. Only 
half of the longitudinal grooves are ac- 
cessible to the fluid entering the filter 
and to escape it must pass, via the filtra- 
tion gap, into the adjacent groove where 
the filter particles are retained. For ad- 
justing the filtration gap, the housing is 
rotated round the element. 

Standard models range from 6 to 11 
microns for pipe size from }in. to 1 in. 
at working pressures of 4500 Ib/in2. 

% No 209 


CONTINUOUS LEVEL INDICATOR 


capacitance operated 
The new level indicator, the Levelog, 
designed by Thomas Industrial Automa- 
tion for the continuous measurement of 
almost any material stored or contained 
in silos, tanks, hoppers and other con- 
tainers, is capacitance operated. 
Basically, the equipment consists of a 
control unit, which houses the necessary 
electronic equipment and a stabilized 
power unit for ensuring stable working 
under varying mains conditions; an elec- 
trode system, which can be of the rigid 
variety for small vessels, and of the flex- 
ible variety when the depth of the con- 
tainer is in excess of 6 ft and up to 60 ft 
in length; and, the main indicating instru- 
ment which is basically a d.c. milliameter 
for local or remote indication. The in- 
cremental change of capacitance caused 
by the material rising or falling in the 
container is used to operate an indicat- 
ing instrument which may be calibrated in 
gallons or tons, or whatever unit of mea- 
surement is applicable. 


The built-in calibrating instrument, 
which has a scale length of 2+in., can 
also be used as a local direct reading 
indicator. If necessary, it can be calibra- 
ted similarly to the main indicator and, 
by using specially designed electrode 
systems and by special positioning of 
these electrodes in the containers, good 
accuracies and near linear scales can be 
achieved. 

% No 210 


SCINTILLATION COUNTER 


surgical application 
A scintillation detector set, the DS8-1, 
has been specifically designed by Nuclear- 
Chicago for surgical applications. The 
detector housing contains a_ 10-stage, 
cesium-antimony dynode, a photomulti- 
plier tube with jin. flat-end window 
and a transistorized preamplifier. A mini- 
ature switch allows a circuit change for 
spectrometer use, or for ratemeter or 
scaler use. 

The surgical set includes three beta- 
gamma _ sensitive needle probes, the 
smallest 2mm dia. X 10cm long, the 
largest 6mm X 15cm; and a manual 
scanning probe, 6mm dia. X 2-5cm 
long, designed for external surface scan- 
ning. Each needle probe contains a thal- 
lium-activated caesium iodide crystal and 
they are sensitive only at the ends. The 
manual scanner uses a large sodium 
iodide crystal. The detector can be used 
with any standard scaler, ratemeter, or 
gamma-ray spectrometer. 

%* No 211 


OSCILLOSCOPE 


direct digital reading 
The new type 425 Oscilloscope, manu- 
factured by Du Mont and marketed by 
Leland, is a high frequency instrument 
for use from d.c. to 60 megacycles (down 
to 3dB at 35 Mc), designed round an 
entirely new Du Mont tube which 
operates with 12,000 volts acceleration 


The Du Mont 425 oscilloscope incor- 
porates a direct digital reading system 
for amplitude and time measurements 
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potential giving very high sensitivity, high 
light output and high resolution on its 
10 X Scm display area. 

A variety of plug-in modular units are 
available which enable the range and 
performance of the oscilloscope to be 
varied and extended in a number of 
ways, and it is constructed in five re- 
placeable units. A numerical read-out 
system eliminates the need for the inter- 
polation and mathematical conversion of 
visual signals. In addition, the instrument 
may be connected directly to punched- 
card equipment for recording and ana- 
lysis. Normal power requirements are 
1000 watts at 60 c/s 115 volts, but it is 
also available for 48-450 cycle sources. 


%* No 212 


TEMPERATURE CONTROL 


trip and warning amplifier 


Elliott Nucleonics have developed a warn- 
ing system which is provided with a d.c. 
amplifier operating from d.c. inputs, such 
as thermocouples. The unit is transistor- 
ized and a complete trip unit comprises 
a trip amplifier and transistor power sup- 
ply, each plugged into a single mounting 
frame. The mounting frame houses the 
trip setting potentiometer, alarm lamps, 
relays, test jack socket and meter indicat- 
ing margin from trip set point. 

A pre-trip warning can also be incor- 
porated with a panel control to make a 
setting at a fixed level below the trip 
level. Indication of the trip is by a red 
lamp, and of the warning, by an amber 
lamp. In both cases a normally energized 
relay will be released. A trip level may 
be set to an accuracy of 01% with 
digital indication of setting. Six standard 
input current and input voltage ranges 
varying from 0-10“A to 0-30mA and 
0-10 mV to 0-150 mV are provided and 
the range may be changed by plug-in 
range card. 


% No 213 


ROTARY GLOVE BOX 


glass fibre moulded 
The new rotary glove box, designed by 
Seton Creaghe for high corrosion resist- 
ance and minimum leakage rate, is 
made from polyester resin glass fibre 
laminate. 

Fitted at the centre of the dome-shaped 
roof is a 6in. explosion port that is 
sealed by a rubber ball which lifts when 
pressurized above 1 in. W.G. A bag ring 
enables the released gases to be evacu- 
ated via the extract system and a standard 
Vokes extract filter, fitted with a quick- 
release clamp for easy one-handed opera- 
tion, is contained inside the glove box. 

The glass fibre box is mounted on a 
tubular stand fitted with castors incor- 
porating braking facilities, and variations 
of up to 6in. can be made in height. 
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Use of glass fibre makes this new glove 
box easy to move and decontaminate 


The glass fibre turntable, which is also 
supported on castors, has been arranged 
to lift clear of the floor of the main box 
for easy decontamination purposes and 
can be locked in any position by a foot- 
brake. 

The dimensions of the Secray Mark 
III glove box are: overall height 6 ft 
8in., diameter 4ft 3in., height of box 
3 ft 8 in. Weight is 600 Ib. 

%* No 214 


CO, DETECTION 


automatic alarm 
An instrument, designed for detecting and 
measuring the percentage of CO,, and 
giving an alarm when the percentage 
reaches a pre-determined amount, has 
been developed by International Gas 
Detectors. 
Any CO, in the atmosphere is ab- 
sorbed by a carton of soda lime in the 


The Ringrose gas 
detector automatic- 
ally signals the 
presence of CO, in 
the atmosphere 





porous pot, thereby producing a vacuum 
equal to the percentage of CO, surround- 
ing the porous pot. This percentage is 
measured directly on the gauge and can 
be read at any time. 

In addition, access is made from the 
porous pot to an aneroid diaphragm, 
contacts on which can be set to operate 
through a dry battery and illuminate a 





red bulb when the percentage of CO 
reaches a pre-determined amount, thu 
giving an automatic alarm of the pres 
ence of CO, in the atmosphere. Th 
instrument can be used either as port 
able, or in a fixed position. 

* No 215 


DATA PRINT-OUT 


automatic recycling 
A new scaler and crystal-controlled time 
combination has been designed b 
Hamner Electronics which permits dat 
print-out in many flexible modes of 





Hamner’s N-803 timer and N-276 scaler 
can be used in combination or separately 


operation. It has a preset count of 15 
settings from 10 to 500,000 counts, and 
a preset time of 15 settings from 1 to 
50,000 seconds. For combined preset 
time and count, any of the time or 
count settings may be used simultan- 
eously with the system stopping when 
the first preset event occurs. 

Both scaler and timer provide ‘ stair- 
case’ outputs, for operation of a digital 
printer. A binary coded decimal (1-2-2-4) 
output can also be provided for operation 
of data handling equipment. The system 
will recycle automatically, if desired, fol- 
lowing occurrence of a pre-set event and 
data print-out, in which case, print-out 
can be cumulative or cyclical. Both 
print-out and automatic recycling can be 
used in any mode of operation. 


% No 216 


BERYLLIUM MONITOR 


automatic recording 
The ‘4W’ Beryllium Monitor, designed 
by the UKAEA for the detection of beryl- 
lium aerosols, is now being manufactured 
by Winston. It visually records on a 
graph, every sixty seconds, the beryllium 
content of a fresh sample of the atmos- 
phere in which the instrument is present. 
It gives quantitative results over the 
range of 1 to 75 millionths of a gram per 
cubic metre, irrespective of the particle 
size or chemical composition of the 
beryllium atmospheric dust. Its accuracy 
is now + 15% for beryllium metal, and 
+ 30% for beryllium compounds and 
alloys. 
The air to be sampled is drawn through 
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The UKAEA beryllium monitor is fully 
automatic and operates on a predeter- 
mined cycle 


a specially designed chamber in which 
any beryllium present is optically ex- 
cited as it passes through a triggered 
alternating current arc. The triggered a.c. 
arc has a long time constant and a wide 
plasma _ cross-section which results in 
efficient excitation of particulate beryl- 
lium metal and its intermediates. The 
ultra violet radiations from the excited 
beryllium are then resolved into their 
components by means of a spectrograph, 
which is specially designed to have a 
high dispersive power. 

The intensity of the beryllium doublet 
at 3130A, which is proportional to the 
concentration of beryllium present in the 
air sample, is measured photo-electric- 
ally. The ratio of the intensity of this 
doublet to the intensity of the adjacent 
background is then recorded on a chart 
as beryllium line background. 

Automatic calibration is achieved by 
the use of a simple condensed spark dis- 
charge between a beryllium-copper elec- 
trode and a copper counter electrode, pro- 
ducing an aerosol containing a uniform 
concentration of beryllium at a constant 
rate, the air for this being drawn through 
special filters. 

% No 217 


ARC WELDING METER 


wide current variation 
A new welding meter from English 
Electric enables electrical conditions in a 
welding arc to be measured, but it can 
also be applied to costing, calculating 
efficiency, developing electrodes and im- 
proving production techniques. The unit 
consists of a watthour meter, ammeter, 
voltmeter and protective relay, all housed 
in a case (164in. X 53in. X 64 in.), suit- 
able for switchboard or wall mounting. 
The user can see at a glance the arc 
voltage and current and the total energy 
being consumed. 

The watthour meter pointer moves 
over a 4in. diameter scale, one revolu- 
tion of the pointer being equivalent to 
100 watthours at 100/5 amps. For other 
ratios a multiplying constant must be 
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used. The pointer can be re-set to zero 
after each welding operation by depress- 
ing the knob in the meter glass and 
turning anticlockwise. The total watt- 
hours are shown on the meter register. 
The ammeter and voltmeter are of the 
4in. square moving iron pattern, and 
zero adjusters are accessible through 
cover plates in the meter window. The 
voltmeter is scaled 0-120 volts and is 







© Reciprocating compressors. The new 
range of vertical reciprocating compres- 
sors being produced by Bryan Donkin 
include a 6in. stroke machine, supplied 
as single, two or three crank, and an 
8in. and 12in. stroke compressor made 
with either two or three cranks. The 
maximum flow of free air obtainable 
with the 12in. type at discharge pres- 
sure of 100 Ib/in? is about 3600 ft?/min. 


% No 219 


e Frequency measurements. A new 
meter, WIK, marketed by Aveley, mea- 
sures frequencies up to 1000 Mc/s, per- 
mits frequency variations to be observed 
by pointer and provides for recording 
frequency drift. A pure sine wave out- 
put at all frequencies up to 30 Mc/s is 
given. 

% No 220 


e Transistor choppers. For use with 
thermocouples, Smiths Aviation have 
developed a transistor technique with a 
drift rate of better than 1-5 uv/°C without 
selection from a batch or setting-up. 


%* No 221 


@ Valve testing. A new universal valve 
test set VT10 from APT Electronics in- 
corporates stabilized power supplies, 
meters for accurate measurement of static 
characteristics, and an a.c. bridge that 
enables direct readings of mutual con- 
ductance to be made. 

% No 222 


e@ Field plotting. A new resistance ana- 
logue from Servomex uses a special type 
of resistance paper and has silver elec- 
trodes painted on it. It is a cheap two- 
dimensional version of the electrolytic 
tank and allows the plotter to draw the 
map of potential and flow lines with 
convenience. 


% No 223 


© Scintillators. Pilot Chemicals are mar- 
keting pilot film scintillators ranging in 
thickness from 4} to 5 mils and in sheets 
of about 11 in. dia. They can be used as 
fast detectors or as image intensifiers in 
such fields as autoradiography. 


%* No 224 


© Seam welding. The Circomatic auto- 
matic girth seam-welder introduced by 


IN BRIEF 


marked 1 volt per division between 20 
and 45 volts, the normal arc voltage 
range. The ammeter is scaled 0 to 120 
amps and reading direct for a current 
transformer ratio of 100/Samps. For 
other ratios a constant must be used. The 
relay ensures against overcurrent in the 
event of the meter being used with an 
incorrect current transformer ratio. 


%* No 218 


Rockweld can be operated by two welders 
and a storage tank of some 140 ft dia. 
can be completed in 30 man-hours. The 
machine consists of two enclosed plat- 
forms hung from a top carrier, both of 
which are fitted with pivoted adjustable 
motor operated arms. Each arm carries 
an operated controlled automatic weld- 
ing head and a slag-supporting device. 


%* No 225 


e Cable jointing. Bakelite have devel- 
oped a series of epoxide and polyester 
resins that possess good adhesion to most 
surfaces and can be used for cable joint- 
ing. Simple moulds are quite adequate 
and obviate the use of costly metal joint 
boxes. 

%* No 226 


© Porous filters. Vokes’ latest filter media 
Poroloy are available in stainless steel, 
nickel-chrome and Inconel nickel and 
the filter inserts can withstand differen- 
tial pressures of over 3500 1b/in?. and 
operating temperatures ranging from 
— 350°F to above 500°F. Nominal pore 
size ratings vary from 2 to 1000 microns. 


%e No 227 


e@ Mechanical seals. The Sectaflex split 
mechanical seal from Flexibox enables 
quick replacement of worn parts without 
stripping down the shaft. Leakage rate 
is a few c.c. per hour and the seal can 
be used at pressures up to 100 Ib/in?g and 
temperatures up to 300°F. 

* No 228 


e@ Speed measurement. Dawes have in- 
troduced a portable transistor stroboscope 
that weighs only 41b and has an accur- 
acy of +2%. Two ranges are provided 
that cover 600 to 15,000 flashes /minute. 


% No 229 


@ Magnetic recorder. Gresham’s A/25/RP 
multitrack head is designed for use with 
either magnetic tape or drum and may 
be used in-contact or out-of-contact with 
the recording medium. For analogue 
work, it is suitable for direct recording 
using a.c. bias, frequency modulations, 
amplitude modulation, or pulse-width 
modulation. For digital recording, the 
two windings per track are convenient. 


%* No 230 
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——— STUDENTS”_NOTEBOOK——— 








GROUNDWORK—Careers 


What opportunities are there in the 
nuclear field for the young scien- 
tist?—2 


In the first of this series on careers for 
scientists, we gave guidance to the young 
physicist, and a substantial part of what 
was said is common to other science 
disciplines, particularly that concerning 
educational opportunities for apprentices 
and postgraduate training. 

The Chemist. The number of scientists 
in this field, some 26,000, represent 
about 75% of the total employed in this 
country, two thirds of whom are in 
industry and about half of these are 
engaged on research and development. 
The chemical industry is constantly meet- 
ing new challenges and a diversity of 
openings are available, more than in any 
of the other scientific fields. 

With the bewildering number of 
avenues open to the young chemist, the 
question arises as to what appeal there 
is in the nuclear industry. Apart from 
the possible glamour that surrounds it, 
the industry is predominantly a young 
man’s one and it offers extensive scope 
for research in most of the branches— 
in analytical chemistry, where the 
amounts of substances for determination 
become smaller and smaller and accuracy 
and speed of analysis increases; in physi- 
cal chemistry, where the effects of tem- 
perature, pressure, and rates of reaction 
on chemical processes are important in 
ultimate plant construction; in organic 
chemistry, for the study and production 
of ceramics, the extraction of the less 
common metals, and the production of 
artificially produced radioactive elements; 
and in biochemistry, where there is an 
increasing interest in radiation effects on 
living organisms and in_ radioisotope 
tracer techniques. 





Opportunities in the radiochemical field 


are increasing, particularly in the 
UKAEA, where research on radioisotopes, 
and their production and distribution, 
is rapidly extending. This photo shows 
a chemist at the Radiochemical Centre, 
Amersham, purifying tritium, one of 
many other difficult chemical operations 
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Openings, therefore exist for all kinds 
of chemically qualified persons. For the 
boy and girl holding the General Certifi- 
cate of Education at Ordinary level, pre- 
ferably in mathematics, a science and 
English, there are opportunities for 
laboratory technicians and assistants. 
Facilities usually exist for courses of study 
leading to membership of the Institute 
of Science Technology, to the Interme- 
diate qualification of the City and Guilds 
of London Institute, and to the National 
Certificates where a more academic qua- 
lification is required. Part-time study for 
a degree, of course, is extremely difficult. 

Students who already have a degree 

or diploma are strongly recommended to 
seek full membership of the Royal Insti- 
tute of Chemistry and enquire about 
qualification exemptions. 
The Chemical Engineer. The scope of 
the chemical engineer has widened over 
the last few years and, whilst the mech- 
anical engineer still predominates to a 
large extent in the nuclear industry, the 
importance of more specialized know- 
ledge in applied chemistry is being recog- 
nized. Problems of heat transfer, fluid 
flow, mass movement, and the like, are in 
this field. 

The demand for this knowledge is, of 
course, greatest from the UK Atomic 
Energy Authority, and it could increase 
from industry with the development of 
reactor systems that are more represen- 
tative of chemical process plants; these 
include the organic moderated reactor 
and the homogeneous fluid reactors. 
Reactor technology as a whole, however, 
requires the particular skills and exper- 
ience of the chemical engineer, not only 
for providing the special materials of 
construction but also for their treatment 
and disposal after irradiation. 

There are opportunities for those in- 
clined towards research and development, 
but there is also ample scope for a 
career in design and operation. The 
graduate can find a great range of work 
from fuel element design to whole reac- 
tor technology. In the study of coolant 
behaviour, fuel combustion and the like, 
the chemical engineer, who is trained to 
think in terms of very rigid specifica- 
tions, is essential. This is particularly so 
now with the development of reactors 
to operate at higher temperatures. 

To the chemical engineer, these many 
problems of design, appraisal and econo- 
mics present a challenge from a young 
industry. The graduate is recommended 
not to specialize in too narrow a field, 
his broader training and experience will 
be of greater value to him and his em- 
ployer. In choosing his first job, he is 
urged to first examine carefully the faci- 
lities offered by his potential employer, 
both for higher training and for practical 
experience. He should not allow himself 
to be directed to work ending in a ‘ cul- 
de-sac’. It is often the case, however, 


that once employed, either in the Auth: 

ity or by industry, the opportunity f 

broad training is not so widely availabie 
as one could wish. It is on this point 
that the graduate is asked to conside: 
very carefully the possibility of taking 
one of the postgraduate courses on 
nuclear engineering that are being run 
in London, Manchester, Birmingham and 
Glasgow, before seeking a post. The 
syllabus is extremely comprehensive and 
there is ample scope for practical wor« 
and visits to important nuclear establis! 

ments. Finally, the chemical engineer is 
strongly advised to consider membership 
of the Institution of Chemical Engineer 


FILMS 


e A world catalogue of films on atomic 
energy is being compiled; some 400 are 
believed to exist but no comprehensive 
information is yet available. Organiza- 
tions, possessing this information, are 
asked to send details to: Mr. A. N. 
Vorontzoff, 10 rue Mademoiselle, Paris 15. 


e A new colour, sound film sponsored 
by The English Electric, Babcock and 
Wilcox, Taylor Woodrow Atomic Power 
Group shows the first two years’ work 
on the Hinkley Point 500 MW station. 
Available in 35mm or 16mn, it runs 
for 29 minutes and can be obtained on 
free loan. 


NEWSBRIEFS 


e For research into the behaviour of 
materials at very low temperatures, 
Oxford University is to have a new 
cryomagnetics laboratory. A grant of 
£25,000 towards its cost has been made 
by Mullard Ltd. 


@ Scholarships, tenable for three years 
and worth some £400 p.a., have been 
awarded to 18 boys by the Civil Engin- 
eering Scholarship Trust. 

e Thirty professors of electrical engin- 
eering attended a Summer School organ- 
ized by AEI (Rugby) Ltd. 


e@ Griffin and George have introduced an 
electronics constructional kit for student 
experiments on fundamental principles 
of electronics—mains supply is not re- 
quired. 

@ Some 250 delegates, 100 from over- 
seas, attended a recent symposium on 
nuclear reactor containment buildings 
and pressure vessels organized by the 
Royal College of Science and Technology, 
Glasgow (see report on p 79). 

@ The new technical college to be erec- 
ted in Paisley is to include nuclear 
physics and radiation laboratories. 


UK COURSES 


Nottingham University Measurement for 
Automatic Control. Residential course, 
September 12-16. Fee: 20 guineas (in- 
cluding accommodation). 

Chelsea College of Science and Tech- 
nology, London Nuclear Physics. 1 year 
M.Sc. course commencing September. 
Fee: £30. 
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Van de Graaff" 
NEUTRON SOURCE 
FOR ACTIVATION ANALYSIS 


10°’ nfsec from D-T Reaction 


NEUTRON ACTIVATION is becoming of 
increasing importance in quantitative analysis. 
The extreme sensitivity of this method to trace 
amounts, the speed and simplicity with which 
samples can be analyzed, and dependence only 
on simple radiation counting and measuring 
equipment to assure accuracy, makes it suitable 
for microanalysis where chemical methods are 
inadequate or for macroanalysis with produc- 
tion rapidity. 





HIGH VOLTAGE SERVICING 
COMPANY LTD. 


60 Carpenters Wood Drive 
Chorley Wood, Herts. 
Telephone Field End 7431 


Write Technical Sales for your copy. 


THE HIGH VOLTAGE MODEL AN-400 
positive-ion accelerator is the lowest-priced 
source of intense neutrons on the market. 
Operated at 400 kev, its full beam current of 
150 microamperes is effective in producing 
neutrons from a thin tritium target. It is com- 
pact (about 10 square feet of floor area) and 
mobile and is designed for safety, with all 
high voltage fully insulated. Based on the 
proved designs and experience of High Volt- 
age Engineering Corporation in building and 
installing more than 250 particle accelerators. 


IN NUCLEAR ENGINEERING, the Model AN-400 is a useful experi- 
mental apparatus for studies of transient and steady-state effects in 
sub-critical assemblies and for teaching physics and reactor technology. 
May be equipped for pulsed operation or electron outputs if desired. 
NEW BULLETIN 


performance in detail. 


AN-4—Describes specifications and 





Hicu VOLTAGE | Eucmesaans 


SURUING “MASSACHUSETTS e v. S.A. 


Circle No 58 on reply card for further details 
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GEC-APC REAGREEMENT Several recent 
mergers include that between Alomic 
Power Constructions Limited and the 
GEC -Simon-Carves Atomic Energy 
Group. Their agreement on collaborating 
in the design and building of nuclear 
power stations follows the breakdown of 
earlier talks (see Worldview, April and 
this issue). This combination reduces the 
number of consortia from the original 
five to three; the other two are the 
Nuclear Power Group and the English 
Electric, Babcock & Wilcox, Taylor 
Woodrow group. 

On a different plane is the announce- 
ment by the Cambridge Instrument Co. 
Lid. that they have bid for the ordinary 
share capital of Electronic Instruments 
Ltd., Richmond. This merger has been 
mutually sought after and, in recom- 
mending the bid to shareholders, Elec- 
tronic Instruments say that the merger 
will enable both firms to co-ordinate 
their resources and create a more power- 
ful organization. 

Mancuna Engineering Ltd. of Man- 
chester has purchased Sturtevant Engin- 
eering Co. Ltd. This acquisition will add 
to Sturtevant’s productive capacity and 
also extend its range of gas cleaning 
equipment. 


Meanwhile, Simon-Carves are in the 
process of joining up with their neigh- 
bour, Henry Simon (Holdings) Ltd. The 
various resolutions for the merger of 
these two companies have been passed. 
At the same time, Mr. R. B. Potter, 
chairman of Simon-Carves, added to his 
annual statement by correcting the im- 
plication that the GEC-Simon-Carves 
group would incur a loss of over £2 mil- 
lion on the Hunterston contract. Speak- 
ing for his company only, Mr. Potter 
said: ‘There is no evidence that sub- 
stantial losses will, in fact, be incurred.’ 


ORDER FOR BURST SLUG EQUIPMENT 
Plessey Nucleonics Limited are to supply 
auxiliary burst slug detection equipment 
for the Advanced Gas-Cooled Reactor 
at Windscale. This order follows that 
announced at the end of last year when 
Plessey received a contract to supply 
the main burst slug detection equipment 
for the same reactor. The latest equip- 
ment will be incorporated in the reactor’s 
loop facilities (see Progress in Industry, 
in this issue). The company is also in 
the process of developing portable and 
installed detectors for the test loops and 
refuelling machine. 


ceived at the rate of one a month— 
£200,000 a year—from home and over- 
seas customers for the X-ray scanning 
microanalyser developed by the Tube 
Investments Research Laboratories in 


108 


Ti SALES SUCCESS Orders are being re- 





ws 


collaboration with the Cavendish Labora- 
tory at Cambridge. Deliveries have begun 
and three instruments will be delivered 
to the United States this year. The micro- 
analyser provides for qualitative and 
quantitative metallurgical analysis. 


CEGB BUYS PORTABLE MONITORS An 
order for 86 radiation monitors has been 
placed with Ekco Electronics by the Cen- 
tral Electricity Generating Board. They 
are all portable, battery-operated instru- 
ments, for use at the Berkeley, Bradwell 
and Hinkley Point power stations. 


RELAYS FOR HINKLEY In addition to 
becoming sole concessionnaires in the 
UK for Fido (fallout intensity detection 
oscillator), manufactured by Control for 
Radiation Inc. of the USA, L. E. Sim- 
monds Ltd. of Harrow, have secured 
orders for over 10,000 Post Office type 
3000 relays for use at the Hinkley Point 
nuclear power station. Trial orders for 
Fido, a miniature, self-contained dose- 
rate alarm, have also been received by 
Simmonds from the UKAEA. 


TRAWSFYNYDD ORDERS Atomic Power 
Construction Ltd. are to order two main 
reactor rod control boards worth £50,000 
for the Trawsfynydd power station from 
Lancashire Dynamo Nevelin, a company 
in the Metal Industries Group. The 
boards will control the power supplies 
that lower and raise graphite rods into 
the reactors and will be about 100ft 
long. Delivery is to be in 1962. Also 
scheduled for Trawsfynydd are six Allen- 


Stoeckicht epicyclic gear units for motor 
driven horizontal circulating water 
pumps. They were ordered by Drysdale 
& Company Ltd. of Glasgow from W. H 
Allen Sons & Company Ltd. 


CHANGES OF ADDRESS L. G. Mouchel 
and Partners, consulting civil engineers, 
have moved from Victoria Street to 
Southbank House, Black Prince Road, 
Albert Embankment, SE11. 

Royce Electric Furnaces Ltd. are now 
situated at Albert Drive, Sheerwater, 
Woking, Surrey. 


OVERSEAS 


RADIATION WARNING SYSTEM An 
automatic radioactivity alarm system has 
been developed by Japan’s Atomic Energy 
Research Institute and is to be installed 
in and around the research centre at 
Tokai-Mura. The system, which is ex- 
pected to be operating this month, gives 
atmospheric readings of radioactivity 
through teletyped messages printed in 
black or red. Any warning will be auto- 
matically printed in red. 


AEl’s AMERICAN SALES LINK A move 
to increase the marketing of Associated 
Electrical Industries Limited’s nuclear 
laboratory instruments in the US has 
come with the recent announcement by 
the Picker X-Ray Corporation that it is 
now AEI’s US agent in that field. 


GERMAN MARINE REACTOR MOVES 
Two German firms have decided to co- 
ordinate their efforts to develop a gas 
cooled marine reactor. They are Deutsche 
Babcock & Wilcox-Dampfkessel Werke 
AG (Oberhausen) and Blom & Voss 
(Hamburg). The two firms are to under- 
take experimental work over a period of 
two years (see Nuclear Merchant Ship 
Survey in this issue). 





Captain A. de Groote, commander of the N.S. ‘Savannah’, visits the British 

Shipbuilding stand at the British Exhibition, New York, where the Fairfield Ship- 

building and Engineering Company Ltd’s model of a marine reactor system aroused 

his interest. With him are Sir James Milne, chairman of the Council of the British 

Shipbuilding Research Association, Vice-Admiral E. W. Langley-Cook, J. C. Macfarlane 
of Fairfield, and R. B. Shepheard, director, the Shipbuilding Conference 






































































Worried about Corrosion? 


then write for 
these booklets 


These publications give information on the behaviour of 


move ff \ nickel and Monel, Corronel 210, Ni-o-nel and Inconel corrosion 
a . \Y . _ resisting alloys when in contact with many different corrosive 

has ff “a media. The results of research and practical experience in 
gh q ‘ ~~ . both Europe and America are reported and many examples 


“ are shown of these materials in use in chemical plant. 
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Wiggin publications help in the choice of suitable materials. Our 
corrosion engineers have accumulated data on the performance of 

* many metals and alloys in most of the corrosive environments met 
in industry. Advice and information are freely given. 


*Monel’, ‘Corronel’, ‘Ni-o-nel’ and ‘Inconel’ are Registered Trade Marks. 


HENRY WIGGIN & COMPANY LIMITED 4. 
WIGGIN STREET : BIRMINGHAM 16 .°-6=. 
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Diary 





25-29 JULY 
13th International Congress on Occupa- 
tional Health, New York. Enquiries, Dr. 
R. E. Eckardt, P.O. Box 45, Linden, N_J., 
USA 


25 sULY-6 AUGUST 
12th General Assembly, International 
Union of Geodesy and Geophysics, Hel- 
sinki, Finland. 


31 JULY-5 AUGUST 
Third International Photobiological Con- 
gress, Copenhagen, Denmark. Enquiries, 
Dr. A. Hollaender, Oak Ridge National 
Laboratory, Tennessee, USA 

3-6 AUGUST 
Rarefied Gas Dynamics, Second Interna- 
tional Symposium, University of California, 
Berkeley, California, USA 


8-12 AUGUST 
IAEA Effects of lonizing Radiation on 
Seeds and its Significance on Crop 
Improvement Karlsruhe, Germany 


15-17 AUGUST 
International Conference on Organic Scin- 
tillation Detectors, University of New 
Mexico, Chemistry Department, Albu- 
querque, New Mexico, USA 


15-18 AUGUST 
Third Australian Conference on Radiation 
Biology, Sydney, Australia. Enquiries, Dr. 
Peter Ilbery, Dept. of Preventive Medi- 
cine, University of Sydney 


15-25 AUGUST ' 
2ist International Geological Congress 
Copenhagen, Denmark, Enquiries Theodor 
Sorgenfrei, c/o Mineralogisk Museum, 
Oster Voldgade 7, Copenhagen K 


23-25 AUGUST 
1960 Cryogenic Engineering Conference 
University of Colorado and National 
Bureau of Standards at Boulder, Colorado 


24-28 AUGUST 
Machine tool control systems, Institution 
of Production Engineers Symposium at 
College of Aeronautics, Cranfield 





Industrial 
Literature 











Machinery directory. The 1959 edition of 
the * International Directory ’, published by 
the Office for Industrial Information in 
Geneva, covers primarily the precision en- 
gineering trades in Switzerland, including 
atomic industry suppliers. Entries, which 
are in six languages, are indexed thoroughly. 

*% No 241 


The British Chemical Plant 
Association have issued 
their 1959 edition of ‘British Chemical 
Plant’, a comprehensive and authoritative 
guide to manufacturers and their products. 
A detailed subject index is given in English, 
French, German and Spanish, % No 242 


Thermal insulation. A recent booklet from 
Stillite presents technical data for the esti- 
mation of heat losses and temperature 
gradients in insulated systems. Calculations 
are possible for most conditions provided 
that certain basic data are known. 

*% No 243 


Chemical plant. 
Manufacturers 





* For further information on any item circle 
the appropriate number on the reply card facing 
page 138. 
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25 AUGUST—1l SEPTEMBER : 
Tenth International Conference on High 


Energy Nuclear Physics, International 
Union of Pure and Applied Physics and 
Commission on High Energy Physics at 
Rochester, New York, USA 


29 AUGUST—2 SEPTEMBER 


Initial effects of radiation on living cells, 
UNESCO symposium, USSR Academy of 
Sciences, Moscow 

International Conference on Semiconductor 
Physics, Prague, Czechoslovakia. Enquiries 
Dr. Milos Matyas, Institute of Techno- 
logical Physics, Cukrovarnicka 10, Prague 5 


29 AUGUST—3 SEPTEMBER 
International Conference on Nuclear Struc- 
ture at Queen’s University, Kingston, 
Ontario, Canada. Details, Dr. L. G. Elliott, 
Atomic Energy of Canada, Chalk River, 
Ontario 


Seventh International Conference on Low 
Temperature Physics, Toronto. Details, 
Professor H. Hallett, Dept. of Physics, 
University of Toronto, Ont., Canada 


Use of Radioactive Isotopes in the study 
of bone, International Research Symposium, 
New York. Details, Council for Interna- 
tional Organizations of Medical Sciences, 
6 rue Franklin, Paris 16e, France 


31 AUGUST—7 SEPTEMBER 
Annual meeting at Cardiff of the British 
Association for the Advancement of 
Science 


31 AUGUST—11 SEPTEMBER 
St. Eriks Fair, Stockholm. 
consumers goods, 


: _ Capital and 
with specialist sections 


| SEPTEMBER 
Rocket and Satellite Instrumentation One 
day symposium by the Society of Instru- 
ment Technology and the British Inter- 
planetary Society in London 


1-7 SEPTEMBER 
Fifth International Congress on Nutrition, 
Washington. Details, General Secretary, 
on Wisconsin Avenue, Washington 14, 
USA 


5-8 SEPTEMBER 
Legal and Administrative Problems of 
Protection in the field of peaceful appli- 
cations of Atomic Energy, International 
Euratom Symposium, Brussels 





5-9 SEPTEMBER ; 
IAEA Conference on medium and smail 
power reactors, Vienna 


6-7 SEPTEMBER 
Fundamental Aspects of Atomic Reactions, 
Symposium, Montreal. Details, Chemica] 
Institute of Canada, 48 Rideau Street, 
Ottawa 2, Canada 


6-8 SEPTEMBER 
Nuclear and Radiochemistry a. 
Chalk River, Canada. Details, Dr. 
Betts, Atomic Energy of Canada ge 
Chalk River, Ontario, Canada 


13-15 SEPTEMBER 
Fifth International /nstruments and Mea- 
surements Conference, Stockholm. Details, 
Tekn. Lic. Helge von Koch, Kungl. 
Teknska, Hopkolan, Stockholm 70 


14-19 SEPTEMBER , 
2lst National Congress of the Italian 
Society of Medical Radiology and Nuclear 
Medicine, Bologna, Italy 


11-13 OCTOBER 
Deutsches Atomforum Conference on the 
Applications of Nuclear Energy, Karlsruhe. 
Details, Prof. Ing. Kupfmuller, Deutsches 
Atomforum, Fredrichstr, 2 III, Diisseldorf, 
Germany 


11-14 OCTOBER 
Inelastic Scattering of Neutrons in Solids 
and Liquids, [AEA Symposium, Vienna 


7 DECEMBER (provisional) 
Dounreay Fast Reactor Symposium 
(arranged under aegis of British Nuclear 
Energy Conference), Institution of Mech- 
anical Engineers, London, SW1 


12-14 DECEMBER 
Winter Meeting of the American Nuclear 
Society, including 8th Conference on Hot 
Laboratories and Equipment San Fran- 
cisco, California 


12-16 DECEMBER 
Use of Radioisotopes in the Study of 
Endemic and Tropical Diseases, 1AEA 
Symposium, Bangkok, Thailand 


14-16 DECEMBER 
1960 Annual Conference of the Atomic 
Industrial Forum, San Francisco, Cali- 
fornia 





Humidity control. Burnett and Lewis’ latest 
publication covers mainly their range of 
fully automatic gas dehydration and 
humidity control equipment. 

% No 244 


Heavy fans. The 4th edition of Blackman’s 
publication no, 25 introduces the current 
range of heavy duty fans, blowers and 
exhausters. 

* No 245 


Automatic brazing. The Spring issue of 
* Sif-tips ’ includes articles on the automatic 
electro-gas-air brazing of mild steel assem- 
blies and on the salvaging of spot-welding 
tools. 

* No 246 


Thickness testing. The use of ultrasonic 
gauging for thickness measurement of diffi- 
cult components is described in the current 
issue of ‘ Dawe Digest’. 

% No 247 


Radioactive materials. Continuing his 
* Plain Man’s Guide to Atomic Energy ’ in 
the current issue of ‘ Fairey Review’, Mr. 
P. J. Duncton discusses the characteristics 
of radiation. 

* No 248 


Industrial pipes. Stewart and Lloyds have 
issued a new brochure giving a great deal of 


useful information to engineers concerned 
with industrial steel pipework design. Cal- 
culations for pipe bores and thicknesses are 
given and, apart from the British Standard 
tables of pipe flanges, other tables cover the 
design of expansion bends, the calculation 
of flow resistance, friction loss and pressure 
drop. 

* No 249 


Atom chart, A coloured version of the 
* Periodical Chart of the Atom’ has recently 
been published by the Atomic Development 
Mutual Fund, Inc. of Washington. Another 
table of the elements, which includes all the 
known isotopes, has been issued by Fairey 
Engineering Ltd. 

% No 250 


Self-lubricating bearings. A new catalogue 
from Pollard Bearings gives details of their 
range of self-lubricating ball bearing pillow 
blocks and bearing units, and_ includes 
dimension and load ratings tables, together 
with bearing selection data. 


% No 251 
Non-destructive testing. ‘Solus Schall 
News’ for this month describes the use of 


Statiflux powder for testing ceramics, Other 
articles cover ultrasonic testing of tubes less 
than 25 mm by the immersion method, and 
the detection of flaws in plate above 0-2 in. 
thick. 

% No 252 
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— ‘ ae Expansion, contraction and lateral movement of 
. Cal- - a 4 pipe work under extreme conditions of temperature 


ses are 


’ and pressure is no problem to the engineer who 
os ; = has been wise enough to contact and consult 
ulation ‘ TEDDINGTON technicians. 


Center: Teddington Bellows Expansion Joint cylinders are 
No 249 butt-welded from highly finished cold rolled stainless 
of the steel sheet. Convolutions are introduced to give the 
scausin bellows their characteristic flexibility. Nuclear, 
»pment chemical, marine and gas engineers acknowledge 
nother . their efficiency and superiority over many older 
i forms of expansion joint. Wherever pipework is 
, subjected to vibration or movement in any direction, 
: ’ a Teddington Bellows with a suitable end-fitting 
iil "i ; will solve the problem. 
f their i ; 
pillow 


ncludes - & Made under licence from the Solar Aircraft Co., California, 
ogether ; ; U.S.A. 


No 250 


SEND FOR BROCHURE No. R 87 


No 251 


Schal . § TEDDINGTON BELLOWS 
use of e a 
_ Other . a 
es ess 4 : EXPANSION JOINTS 

» an ee 4 a 

0-2 in. TEDDINGTON AIRCRAFT CONTROLS LIMITED, (Industrial Bellows Division) 


No 252 . a Ammanford, Carmarthenshire. Tel: Ammanford 2255 
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People 


by John Radford 


Dragon project workers will no doubt 
be watching with close interest the work 
of Dr. Peter Fortescue who has now 
been appointed chief research and devel- 
opment engineer of the newly organized 
General Atomic Europe. Peter Fortescue 
was deputy chief scientist at Harwell and 
an advocate of the High Temperature, 
Gas-cooled Reactor concept before he 
left to join General Atomic Division of 
General Dynamics Corporation. He is 
now to be in charge of a group devel- 
ping a high temperature, gas-cooled 
power reactor in the 100 MW range, 
suited to the requirements of European 


Rm 


* 





PETER FORTESCUE 


returns to Europe 


N. de BRUYNE 
dream retirement 


electric power generating systems. I ex- 
pect that he will be passing through the 
UK before he takes up his appointment 
in the autumn of this year and that he 
will take the opportunity of meeting 
former colleagues. 


I am told that Dr. N. A. de Bruyne’s 
recent resignation as managing director 
of Ciba (ARL) Ltd., results from his 
wish to devote more time to research, 
especially to the development of scientific 
instruments. Dr. de Bruyne founded the 
company in 1934, some five years after 
his election as a Prize Fellow of Trinity 
College for research work at the Caven- 
dish Laboratory, Cambridge. He retains 
a connection with the company, however, 
for he will remain on the board. When 
his resignation takes effect at the begin- 
ning of January next year, Mr. R. F. G. 
Lea and Mr. D. A. Hubbard will become 
joint managing directors with Mr. Lea 
as deputy chairman of the company. 


The number of appointments to boards 
of directors in recent weeks does seem 
to lend encouragement to the now often 
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quoted saying that there is ‘Room at 
the Top.’ Latest of these include that of 
Mr. J. C. Nutter, a director of Elliott 
Nucleonics Limited, and Mr. R. Y. Parry, 
to the board of Isotope Developments 
Limited. Mr. Parry, who was with Isotope 
Developments before Elliott’s took over 
earlier this year, is the manager of the 
company’s works near Aldermaston. 
Three other companies have announced 
board changes. Sulzer Bros. (London) 
Ltd. tell me that Mr. R. M. Atkinson has 
retired from the position of managing 
director of Sulzer and of MHathorn 
Davey & Co. Ltd., and is appointed chair- 
man of the board of each company. In 
addition, Messrs. E. H. Stagg, G. W. 
Heslett and M. W. Zublin have been 
appointed joint managing directors of 
each company. John Bass Limited have 
appointed Mr. E. J. Granger, a former 
industrial consultant, and Mr, J. W. Rey- 
nolds, technical sales manager of W.H.S. 
Radiators Ltd., to their board. Last in 
my list for the moment is the announce- 
ment by the recently-formed electronics 
firm, LCE Ltd., that the chairman of the 
board is to be Lord Halsbury of Joseph 
Lucas (Industries) Limited with Mr. 
Jonathan H. Lasley of Collins Radio 
Company of England as vice-chairman. 


The pace is stepping up at the Tokai- 
Mura site in Japan where the British 
General Electric Company is building 
the country’s first nuclear power station. 
The recent arrival of Mr. K. A. Lowe, 
who is to be chief resident engineer at 
Tokai-Mura, and of Mr. R. D. Harvey, 
deputy chief engineer (electrical and 
mechanical) of the GEC Company of 
Japan Limited, brings the British staff 
there to 22. Director and manager of 
the project is Mr. R. J. Smith, chief pro- 





K. A. LOWE 
in Japan for the GEC 


and R. D. HARVEY 








jects engineer of the GEC & Simor- 
Carves Atomic Energy Group. Amonz 
the others is Mr. F. W. Evans, chief 
engineer (Japan) Simon-Carves, who wi: 
deputy chief resident engineer at Hunte:- 
ston. 


The new director of advertising an‘! 
public relations for the US Babcock . 
Wilcox Company is to be 45-year-old 
M. E. Ziegenhagen. In his own spher 
Mr. Ziegenhagen is well known as an 
author and speaker and is at present 
chairman of the board of trustees of the 
Industrial Advertising Research Institut 


After only two years as London repre- 
sentative, Mr. Bernard Wright of John 
Thompson Instrument Company Ltd., 
has been promoted to sales manager 
Before joining the company in 1958, Mr 





BERNARD 
WRIGHT 
rapid promotion 


G. H. DOUST 
Plessey 
International 


Wright was technical representative for 
Dewrance and Co. in Manchester and 
Birmingham. He will continue to be 
based at John Thompson’s London office 
in Kingsway. 


Before his appointment in November 
1958 as deputy to the general manager, 
and now as general manager of Plessey 
International Limited at Ilford, Mr. G. H. 
Doust was in charge of the commercial 
and sales department of Plessey Chemical 
and Metallurgical Division in the quiet, 
small Northants town of Towcester. Pre- 
vious to this, Mr. Doust was field sales 
manager of the metal finishing division 
of the Pyrene Company Ltd. 


The success that Mr. Antony Norman, 
chairman of Electronic Instruments Ltd. 
had on his recent trip to the United 
States and Canada will, I expect, prompt 
trips by executives of companies in simi- 
lar fields. Mr. Norman spent four weeks 
away from home, during which time he 
made cooperative research arrangements 
with the Milton Roy Company of Phila- 
delphia, and visited the associate EIL 
concern, the Glendon Instrument Co. 
Ltd. in Canada. The agreement to pool 
research activities was, Mr. Norman 
states, ‘so that both companies will get 
the benefit of each other’s ideas.’ The 
US, incidentally, is still EIL’s biggest 
export market. 
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CAST IRON VESSELS 


for the 
ATOMIC ENERGY AUTHORITY 





Approved by Lloyd’s for 
Class II welding for 
pressure vessels 


TT RE ce LTE: 


One of the battery of special Cast Iron Vessels supplied to the 
U.K. Atomic Energy Authority. The body of the vessel is 
approximately 5ft. 8in. outside diameter by 6ft. 3in. high 
and the complete vessel weighs approximately 30 tons. 


ESTABLISHED 1841 
FOUNDRY & ENGINEERING CO. LTD. 


LUGSDALE ROAD, WIDNES, LANCS. TEL. 2251/4 GRAMS. ‘FOUNDRY WIDNES’ 


#0 
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Book Reviews — 





Thermodynamics applied 


Available Energy and the Second Law 
Analysis by E. A. Bruges 1959: Butter- 
worth Scientific Publications, London 
124 pp Price 25s 
This book is concerned with the Second 
Law of Thermodynamics, the Carnot 
principle, the concept of available work 
which thereby results, and the applica- 
tion of this concept to a number of 
common engineering problems 

Chapters | and 2 form a brief revi- 
sion of the First and Second Laws of 
Thermodynamics, but it is in Chapter 3 
that the reader is introduced to the very 
heart of the book—the concept of avail- 
able energy. Criticism might be offered 
at this point concerning the brevity of 
explanation in the analysis of the 
General Case. Irreversible processes are 
considered in Chapter 4 and the loss of 
available energy caused by irreversibility 
is determined. 

The remainder of the book is devoted 
to applying the principle of available 


energy to fluid mixtures, heat ex- 
changers, compressors, gas flow, re- 
frigeration, power plant, chemical 


changes, steam generators and internal 
combustion engines. Chapter 6 on the 
performance of a simplified Calder Hall 
type heat exchanger is of particular 
interest in demonstrating the value of 
the ‘ energy transfer ratio’ as a criterion 
of heat exchanger performance. 

In general, this is a well presented 
book, although not without certain 
minor faults such as changing from 
physical to numerical equations without 
reference to the units used, in Chapter 4. 
The text is not complete in itself in that, 
as indeed is stated by the author, it pre- 
supposes some knowledge of applied 
thermodynamics. However, as an addi- 
tion to basic texts, such as those by 
Keenan and Schmidt, it should prove to 
be of value to both students and teachers 
of applied thermodynamics. 

W. Redpath 


High pressure plant 


Design and Construction of High Pressure 
Chemical Plant by Harold Tongue. 1959: 
Chapman and Hall, London 250 pp Price 
84s 

The scope of this book is less broad than 
its title suggests as it is mainly concerned 
with the mechanical design and construc- 
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tion of components of high pressure 
chemical plant. Such topics as heat trans- 
fer and fluid flow are not discussed, and 
descriptions of the internal arrangement 
of chemical reactors, heat exchangers 
and air liquefaction equipment are brief. 
The first half contains an account of the 
design and fabrication of cylindrical 
pressure vessels and of methods of pres- 
sure measurement, together with two 
chapters containing valuable information 
on the selection of materials for high- 
and low-temperature service. The des- 
cription of design codes and statutory 
requirements for cylinders would have 
been improved by more reference to 
continental practice, and by a critical re- 
view of the varying national standards 
for allowable stresses and weld efficien- 
cies. The section on thick-walled tubes is 
well illustrated and informative, with 
numerous references to original papers, 
though these extend only to 1956 and do 
not include the long article in Chemical 
Engineering Practice by Bett and Newitt. 

In the later chapters there are many 
diagrams and photographs of commer- 
cially-available gas compressors, pumps 
and autoclaves, and of ancillary equip- 
ment. Not all this material is well 
chosen to illustrate fundamental princi- 
ples of design. An account of ICI’s inter- 
esting reciprocating-cylinder compressor 
might have been included, and the scat- 
tered material on self-sealing gaskets 
could have been assembled into a com- 
parative discussion of the various types. 
However as a guide to current practice, 
and to currently-available equipment, 
this book will be found extremely useful 
by anyone concerned with high pressure 
plant. It is well produced and, consider- 
ing the number of illustrations, is reason- 


ably priced. K. E. Weale 


Progress in Russia 


Atomic Energy in the Soviet Union, by 
A. Kramish Stanford University Press, 
California; Oxford University Press, Lon- 
don 1960 224 pp Price 27s 6d 

In the summer of 1941, the German in- 
vasion caused the Russians to divert 
their nuclear physicists at once to other 
work directly concerning the war at the 
very time when Britain and the USA 
were deciding to intensify their efforts in 
the hope of developing an atomic bomb. 
Mr Kramish produces the evidence for 
this statement, and examines the reasons 





for the Russian action. His material is 
drawn from a thorough study of Sovict 
journals and newspapers originally under- 
taken for the US Air Force. He give 

his sources and derives his conclusions 
by careful and convincing argument. In 
the same way, in the central part of th 
book, the course of events during th 

war and up to the explosion of the 
Soviet atomic and hydrogen bombs is 
deduced. Work was apparently resumed 
on a very small scale in 1943, probabl 

stimulated by knowledge that the chai 

reaction had been achieved in th 

Chicago pile in December 1942. The firs: 
Soviet reactor probably did not operat 
until early 1947, in which case the devel 
opment from their first chain reaction to 
their first atomic explosion in Septembe: 
1949 was about as quick as that in the 
US-British-Canadian war-time project. 
The discussion of probable Soviet policy 
and motives during this period is plaus 
ible and fascinating. 

The latter part of the book summariz- 
ing Soviet progress in the peaceful uses 
of atomic energy is rather less satisfac- 
tory. Successive chapters deal with explo- 
sions for civil engineering purposes, power 
stations, ship propulsion, isotopes, raw 
materials, accelerators and thermonuclear 
work but the treatment is descriptive and 
excessively non-technical. A more critical 
review with a line of argument to follow, 
would have been more interesting even 
to the non-technical reader. However, 
these chapters contain a great deal of 
useful factual information, particularly 
about the institutions and the leading 
scientists, which can be found with the 
help of the good index. j. A. V. Willis 


New Books 





@ Nuclear Ship Propulsion by H. F. Crouch 
Cornell Maritime Press, Cambridge (Mary- 
land); Putnam, London 1960 386 pp 
Price 87s 6d * 262 
@ Chemical Engineering Materials, 2nd edi- 
tion by F. Rumford Constable, London 
1960 384 pp Price 62s 6d * 263 


@ Nuclear Physics and Atomic Energy: 
terms in English, German, French and Rus- 
sian by G. J. Béné and others Elzevier, 
Amsterdam 1960 213 pp Price 30s y» 264 
@ Basic Theorems in Matrix Theory by M. 
Marcus (National Bureau of Standards 
Mathematical Series 57) US Government 
Printing Office, Washington 1960 27 pp 
Price 15 cents *% 265 


@ 3rd Metallurgy Symposium on Corrosion, 
Saclay 1959 North Holland Publishing 
Co., Amsterdam 1960 240 pp Price 72s 
* 266 
@ Radioisotope Laboratory Techniques by 
R. A. Faires and B. H. Parks Newnes, Lon- 
don 1960 244 pp Price 25s * 267 


@ Symposium of Plasma Dynamics edited 
by F. H. Clauser and others Pergamon 
Press, London; Addison-Wesley, Reading 
(Mass.) 1960 369 pp Price 84s * 268 





For further information on any item circle | 
the appropriate number on the reply card facing 
page 138. | 
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AMF -built 
open pool 5mw reactor 
operates ‘round the clock 


Safety - Maximum Experimental Flexibility 
Potential Power Increase 


The world’s most powerful, privately 
owned open pool research reactor has 
been operated continuously for over 7,00‘ 
hours at 5,OOOKW. The reactor is alread) 
on a 24 hour per day basis, dictated by 
the increasing work load. 

Designed and built by American Ma- 
chine & Foundry Company for Industrial 
Reactor Laboratories, Inc., this outstand- 
ing installation represents a tremendous 
advance in the development of nuclear 
reactors for research. 

Significantly, it has disproved the theo- 
ries of some authorities in the industry 
who were concerned that an open pool 
type reactor with a power level of 5 mega- 
watts could not be operated successfully 
and safely. Operating data on the IRL 
reactor, in fact, indicates no limitations 
inherent in the design of the system which 
would preclude further increases in the 
power level up to the /0 megawatt range. 

This power potential, combined with 
unequalled experimental flexibility, opera- 
tional convenience, safety factor and the 
low cost of the open pool design, make 
this AMF reactor a truly outstanding nu- 
clear research tool. 





American Machine & Foundry Company 


International Group * AMF Building + 261 Madison Avenue + New York 16, N. Y. 
Overseas Plants and Offices: BOLOGNA +» CARACAS + GENEVA + LONDON «+ MEXICO CITY + SAO PAULO + STOCKHOLM + SYDNEY + TOKYO 
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an SHELL USE MASONEILAN EQUIPMENT AT SHELL HAVEN 

the 

nge. Illustration shows three of four 6 x 8 Crosby Relief Valves together with Masoneilan 

with 

_, Liquid Level Transmitters mounted on each of three Butane Storage Horton Spheres ai 

the Shell Haven. These relief valves protect the tanks from overpressuring due to fire, 

1ake 

a accidental overfilling or any other cause. The level instruments transmit the level of liquid 
Butane in the Spheres back to the Receiver in the control room. The reliability of this 
equipment is thus exemplified once again by one of the major oil companies of the world. 
IMPORTANT ANNOUNCEMENT 
Details are now available of the 
Crosby portable self-contained Safety Relief 
Valve Test Stand for Works or 
Site test purposes. 
CROSBY VALVE & ENGINEERING CO. LTD., CROSBY WORKS, WEMBLEY, MIDDLESEX 
Telephone: Alperton 2311 

‘OKYO 


CHWR/I960/la 
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HYDRAULIC 
PLATE CURVING PRESS 


The press is made with dies varying from 3’ to 8’ long, 
but it will progressively curve plate edges of any length 
prior to rolling. The frame is of all welded steel construc- 
tion and has two or more upstroking rams and cylinders. 
These presses can be made to work from an existing 
hydraulic supply or supplied with electrically driven 
self-contained pumps. 





We also manufacture: 


High Pressure Hydraulic Plant for Shipyards, 
and Railway Workshops, Plate Bending Rolls, 
Punching and Shearing Machines, Continuous 


Finishing Presses for Silks and Rayons, Veneer ‘amen “atindih 
and Plywood Presses, Cotton Baling Presses, \. \ o \ ‘ 
Die Spotting Presses, Pumps, Accumulators, ee . | 
i as i wits 
Valves and Intensifiers. a ec at 
f ’ 


ao 
HENRY BERRY & CO. LTD. [aiay 
CROYDON WORKS, LEEDS 10< a f! 


TEL: LEEDS 75481-2 GRAMS: “ RIVETTER LEEDS 10” <= 














PROBLEM SOLUTION 


Sequence pumping is occasionally required in 
a hand-operated pumping plant which, al- H 

though intended to be used spasmodically, Ty pe HCU Pumping Plant 
must also be guarded against failure of water By means of the two hand valves used in 
supply. Other pre-requisites are rough and fine 


: : : : , conjunction with the baffle valve, sequence 
pumping ; isolation and air admittance. 


pumping may be obtained when using the 





Type HCU Pumping Plant which is 
equipped to give Rough Pumping and Fine 
Pumping, isolation or Air Admittance, and 
water relay to protect the Diffusion Pump 
against water supply failure. In general, the 


Rotary pumps, diffusion pumps, valves 
combined oe diy re oh x Te tom HCU is more suitable where access to the 
the very full range of equipment now being vacuum chamber is not required for pro- 
produced for the High Vacuum industry duction sequence cycles, and where the 
by N.G.N.....our technical services are plant is not likely to be 

being increasingly used to assist and advise 
on problems of High Vacuum. Why not : ms 
make use of them—NOW. without supervision. 


left running overnight 


High Vacuum Specialists and Electrical Engineers 


; N.G.N. ELECTRICAL LIMITED 
Avenue Parade, Accrington, Lancs. 
Telephone: Accrington 35611-2 
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Stainless 
Steel 
Forgings 


















aoe sind 
al 


serving Atomic Energy, Aircraft and Oil industries 














Manufactured to any British or U.S.A. Standard Specification 
Supplied as Forgings only or Fully Machined in Modern 
Machine Shops on approved lists of A.I.D., A.R.B. and LLOYDS. 


William Oxley 
& Co. Ltd, 


fu PARKGATE STEEL WORKS - ROTHERHAM 
ncs. telephone Rotherham : 5238 
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HIGH pREQUENE FURNACE fabricate’ by NA| |} 1. 


The illustration shows a 
















complete heating unit for a 

high frequency furnace, which 
can be used without any risk 

of contamination from carbon. 
The unit is designed for 
temperatures up to 2000°C. in 
vacuum. The susceptor itself is 
fabricated in pure Tantalum, 
while the inner shields are 

made in Tantalum and the outer 





shields in Molybdenum. 


The unit shown was 
manufactured for the 
Research Department 
of Imperial Chemical 
Industries Limited, 


Metals Division. 





ts dn naennsansnansas 





MUREX LIMITED (Powder Metallurgy Division) RAINHAM ° ESSEX 
Telephone: Rainham, Essex, 3322. Telex 28632. Telegrams: Murex, Rainham-Dagenham Telex 
London Sales Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.1. Telephone: EUSton 8265 











Sin sili. aes fis a 


TO DESIGNERS, PROTOTYPE & MAINTENANCE ENGINEERS 


AlG. br Service 


ELECTRONIC COMPONENTS 


We produce a comprehensive range of high-quality 
Electronic Components. Consult our 
catalogue for your requirements. Our “By Return” Service 
will ensure immediate despatch of your orders. 


Fadiospares Ltd. 


4-8 MAPLE STREET - LONDON - W.I - ENGLAND 
Telephone: EUSton 7232-9 


Telegrams: RADOSPERES, WESDO, LONDON. Cables: RADOSPERES, LONDON 
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GLASS PUMP 


These Q.V.F. centrifugal type Glass 
Pumps have effective fluon mechan- 
ical seals for successful handling of 
corrosive liquids; an impeller based 
on a vortex type inlet, and specially 
designed bearing chuck which holds 


precision ground impeller shaft. 


oS ha 


Ca. GLASS PUMPS 
eal & VALVES 





1 GLASS VALVE 


Special features of the Q.V.F. screw type 1” 










Glass Valve include a fluon plug and bellows 
which eliminate any form of packed gland, and 
) it is particularly suitable for handling corrosive 


liquids at working pressures up to 50-Ibs. p.s.i. 


Descriptive folders of both items are available on 





request. 
AVE. DUKE STREET - FENTON 
STOKE-ON-TRENT-STAFFS 
e M es a? D Tel: Longton, Staffs 32104-8 


Grams : Q.V.F., Stoke-on-Trent, Telex. 


Se <I Gruginecr we Chas 
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— the Stamp of experience which is on all Atomic Energy Equipment manufactured by 

Graviner. We can make almost anything in this rather new sphere of activity, whether it be a lead- 

filled shielded container, a Thulium storage magazine, a magnet for neutron beam focusing or a 20 

ton mobile cell unit with viewing windows and handling equipment. We specialise too, in the 

machining of graphite. Indeed, with the recent addition of 12,500 square feet of factory space 

we can deal with anything from the making of a tiny graphite spring 

to a Reflector for a Reactor —all under controlled clean conditicns. 

If therefore you have a Development or Production problem, our Nucle-r e a AV 
Energy Division will be very pleased to help you. Won't you pay a visit to 


the Gosport Factory and see what we can do? 


Contractors to The Atomic Energy Authority 
FA ec. a 


FAREHAM ROAD - GOSPORT - HANTS - Telephone Fareham 2511 


Also specialists in Airborne, Diesel Engine and Industrial Fire and Explosion Protection, Thermostats and Overheat Switches 
I , g F , 





THERMAL 
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Pye at Dounreay 


The Pye Instrument Group has supplied all the equipment 

to the U.K. Atomic Energy Authority for the irradiated fuel 
element laboratory at Dounreay. In addition to supplying 
equipment, Pye Ltd. acted as consultants and designers on all 
matters in that laboratory relating to instrumentation and 
remote handling. The illustration above shows 

manipulators working in conjunction with a television camera 
to handle and measure a sample from the fast reactor. 





The Pye Instrument Group consists of : Pye Atomics Division ; Pye Industrial Television Division ; Faraday Electronic Instruments Ltd.; Labgear Ltd.; W. G. Pye & Co. Lid.; 
Pye Telecommunications Ltd.; Unicam Instruments Ltd.; W. Bryan Savage Ltd.; W. Watson & Sons Ltd. 
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AN EXTRA-SENSITIVE PHOSPHOR 


Crystal-with-Photomaltiplier 


2s SAS SSS SSS * Poe Pee pig The thallium-activated sodium iodide 
i am Fe ; a i : : crystal is mounted direct on a photo- 
multiplier. 


HIGH RESOLUTION 
Peak-to-valley ratio of 4:1 with a 
Cobalt-60 source. 


LOW BACKGROUND 
Background radiation is due entirely 
to Potassium-40, and does not 
exceed 8 counts per second. 


PHOTOMULTIPLIER 
PROTECTION 

The photomultiplier is never exposed 
to direct light, and so its efficiency is 
preserved. 

3-inch assemblies and 1l-inch counting 
probes. Catalogue CJ 39/b55 for 
details. ; 





HILGER & WATTS LIMITED 98 ST PANCRAS WAY * LONDON NW1 ° Te/ GULliver 5636 








ae AN | a ed oO) O) i od od =m 1 Ol ee) Ole 





Designed to meet the requirements of BSS 299 for opera- 
tion in hazardous atmospheres, and incorporates a stain- 
less steel pressure element. Fully approved by the Ministry 
of Fuel and Power for Group |, also 2 and 3 gases. 


Pressure ranges for Type SP-1027 from 0-20 p.s.i. to 
maximum 300 p.s.i. Other Buxton Certified Flameproof 
Pressure Switches available for ranges 30” w.g. to 5,000 
p.s.i. and 0-30” Hg. vacuum. 


FULL DETAILS AND SPECIFICATIONS OF THE COMPLETE K.D.G. RANGE ARE READILY AVAILABLE FROM: 


34524524444444424-44114444424423445042222224242222227200207 tt Ltt 
coscgee 

















K.D.G. INSTRUMENTS LTD Sows fhunens Lip 


MANOR ROYAL +: CRAWLEY : SUSSEX TEL.: CRAWLEY 25151 
LONDON SHOWROOMS, SERVICE AND SALES: 100 FLEET STREET, LONDON, E.C.4. Telephone: FLEet 5354/5 
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This man is not only repulsive but dangerous. 
Heavily disguised as a Buyer, he has been shown up 
as an impostor by his persistent failure to see that 


ASSOCIATED LEAD are a highly economical 


and reliable source of Lead and Antimony in all their 
forms, and particularly of LEAD, TIN, ANTIMONY AND THEIR 


ALLOYS; 99.999% PURE LEAD, TIN AND ANTIMONY; SOLDERS; 
ANTIFRICTION METALS; ANTIMONIAL LEAD; CABLE ALLOYS; 





__ | LEAD SHEET AND PIPE; DENSE LEAD SHIELDING FOR NUCLEAR 
f work. His firm are now out for his blood, if any. 


ASSOCIATED LEAD MANUFACTURERS LIMITED 
CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, E.C.2. CRESCENT HOUSE, NEWCASTLE. LEAD WORKS LANE, CHESTER 


Export.enquiries to: Associated -Lead Manufacturers Export Company Limited, Clements House, 14 Gresham Street, London, E.C.2. 
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Brobdingnagian 
or 






It is improbable that Dean Swift had any 
thoughts about ball bearings in his curious 
romancings, but he would, we believe, 
appreciate the well-balanced design and 
fine finish of both our big and little 


fellows. 


We have made bearings: as large as 5 ft. 
diameter to support a locomotive 
turntable whilst their tiny counterparts, 
some as small as 3 mm. diameter, may 
be used on a very high speed dental 
drill, or perhaps for an instrument 
where the need is not for speed but 


extremely sensitive motion. _ —— 


These Lilliputians 
of engineering are 
held to B.S.I. 

limits of accuracy or 
to the American 
specifications 
ABEC 3, 5 or 7. 











ak = 


HOFFMANN MANUFACTURING C 


Lilliputian? 











Nine 
BALL BEARINGS, \~ 
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WATER 


is still in the foreground... 3 


However revolutionary the methods of 


producing power may become, water is still 


aver 


all-important ; and the need to give complete and 


lasting internal protection to water tanks 


= 





in modern plants remains paramount. 


With a reputation consolidated over 30 years 
of successful use 

BITOTES Solution and Enamel 

prevents interior corrosion of all 

steel and concrete water containers and 
conduits. BITOTES cannot crack or peel 

and is tasteless and odourless when dry. 

It is fully approved for Fresh Water, Drinking 
Water, Demineralised Water, etc. 


May we send you details 


BITULAC LIMITED 


(PAINTS DIVISION) 


Collingwood Buildings, Newcastle upon Tyne, |. 
London Office: 189/190 Temple Chambers, 
Tempie Avenue, London, E.C.4 
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PATERS ON HUGHE 


ENGINEERING COMPANY LIMITED 





TTT 


’ 
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A Paterson Hughes 30-ton electric overhead travelling crane j 
: at Blyth Dry Dock and Shipbuilding Co. Ltd.—by whose ; 
courtesy this photograph is reproduced. 


Paterson Hughes cranes are built in their modern crane shop in 
i Scotland to designs based on their 35 years of experience in this field. 


If the Paterson Hughes range—from hand jibs to 100-ton 

overhead cranes—does not include a standard model suited to oo 

your exact needs, then a special will be designed at a ee, 
competitive price. 





Paterson Hughes engineers will also design complete crane 

systems, extending from your goods inwards bay to the 
finished products warehouse, bearing in mind the special 
requirements of each industry. 


THE PATERSON HUGHES 


di | rasa "A : 
i «= CRANE. DIVISION 


Specialists in modern crane practice 














> BIRMINGHAM GLASGOW 
i is ; oS 3 Highfield Road  } Wyndford Works 


Edgbaston Birmingham 15 Maryhill Glasgow 
Phone: Edgbaston 2957-8 Phone: Maryhill 2172-4 


SOUTH AFRICA—Paterson Hughes Engineering SA (PTY) Ltd PO Box 811 Johannesburg 


LONDON—Bedford House Bedford Street London WC2 Phone: Temple Bar 7274-6 
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40 VOLTS/SEC 


AUTOMATIC CORRECTION 


—with the type 
TCVR voltage regulator 


The TCVR is a servomechanical automatic voltage Rack-mounting 
regulator having the very high speed of correction of version. 
FORTY VOLTS PER SECOND. It provides an 
undistorted output, maintained constant within very 
close limits (normally +0.5%) from no-load to full- 
load, for wide variations in frequency and power factor. 


A wide range of models from 1.6 to 12 kVA single- 


phase, and 4.8 to 36 kVA three-phase, is available, Other products of Claude Lyons Ltd. Stabiliser Division 
to standard or tropical specification, in cabinets or for 


-mounting. Models Iso available in whi BMVYR: Motor-driven laboratory and industrial regulators ranging from 1-6 to 29 kVA 
rack-mounting del _— ane . ble ch single-phase, and 4-8 to 87 kVA three-phase. Constancy of output normally + 0:5%, 
the output voltage is continuously adjustable over a from no-load to full-load. No distortion. Speed of correction 1 Volt/Sec. A great 
wide range by means of a panel control. Regulators variety of models, standard, tropical and militarised, for all applications. 


can be supplied to Services’ specification, and special BAVR: Electronic stabilisers of very high accuracy, and very rapid response, with no 
models can be designed to order. pa, Dou a range -: 8 C) +, cues we + — Three . a: 
. xceptional y useful for control of chemical processes, ting, 
For high-speed, accurate stabilisation without lighting, etc. - 
distortion—specify TCVR. 
- y ASR: Automatic step regulators, small, inexpensive, and with sinusoidal output waveform. 
Two sizes : 1-15 kVA and 2:3 kVA. Input range - 10% to + 5%; output constancy, + 24%. 





> ATC: Automatic Tap-Changing Transformers —a development of ASR. Two sizes: 

\ 575 VA and 1150 VA. Input range - 20% to + 10%: output constancy, + 5%. Provide 

Gla d £ Lid. / \ ilisation for many types of apparatus, at low cost. Also useful as pre- 
u e DONS LK } regulators, ¢.g. in conjunction with BAVR. 


We shall be pleased to send you full details of our entire range. 











Stabiliser Division VALLEY WORKS - HODDESDON : HERTS - TELEPHONE HODdesdo n454i 4 
CL/47/E28 





FOR AIR, 
GAS,WATER 
OR STEAM 


These valves are designed to give a 


PRESSURE REDUCING . minimum sympathetic pressure drop 


with variations of upstream pressure, 
VALVE S ; a maximum flow with a minimum 
working drop, and absence of pressure 
creep with no flow 
Sizes available are from; to2 B.S.P 


yr API 


ee / WILLIAMS & JAMES encinrers LIMITED ~ 
Pie \ GLOUCESTER ENGLAND 


™~ 
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Regd. Trade Mark No. 719,268 





“Mlustrated is a sectional view of 
a C.B.A. type seal with contact ring 


Catalogue supplied on request 


CHARLES WESTON & CO. LED. 


IRWELL BANK WORKS, DOUGLAS GREEN, PENDLETON, SALFORD 6 
TELEPHONE: PENDLETON 2857, TELEX: 66-255 


i= Tidealial: lal: leat igellal-iielsalicl Sal =) ale lela) isleiaal 1 Tetex 2.2682 
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‘MIGRO’ ALIGNMENT TELESCOPE 
a_i equipment has been successfully used by ... 


...the United Kingdom Atomic 












| 
| 
0" 


Engineering Research Establishment in the 
construction of Experimental Nuclear Re- 
actors and the associated Projects ZETA, 
BEPO, ZEUS, ZEPHYR, DIDO and PLUTO. 
Also used by the leading manufacturing 
groups in the construction of Nuclear Power 
Stations, of the Power Supply Plan in Great 


Britain. 


Stts and checks ALIGNMENT 
PARALLELISM -SQUARENESS 
PLANE SURFACES 

The method of using this equipment for the above applications is 


[| AYLOR- | 
available upon request, and for expert advice on your particular 
problem, please apply to Optical Tooling Engineers’ Dept. - 1H @) R S @) IN 


A Division of 
RANK PRECISION INDUSTRIES LTD. 


TAYLOR, TAYLOR & HOBSON, LEICESTER, England. AT 29 


SAFETYir your pipeline 


Where a change of liquid or gas flow rate is dangerous 
then one of these Rotameter flow alarms can be used 
to provoke attention. Electric or pneumatic signals 
provide visual or audible alarm. 


aT 





a 








For details of the instruments shown here, please write 
for leaflet NP.2010/24. 


+ 
ox .%, 5052 


Oo) * OO 
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Type 500A 
Electric or pneumatic signal, fully 
adjustable, for liquids or gases. 


ROTAMETER 


FLUID MEASUREMENT AND CONTROL oui di aa Gai a 
FLOW-DENSITY- LEVEL Telephone : CROydon 3816 


4, 
ate lagt, 





O 
6: 


4, 
02505 


Type 750 Metric Series Type 825A 
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x? SRO KE 5c SK 


a 






S 
Y 


OO 
“2, 


OVS 25 



















Circle No 84 on reply card for further details NUCLEAR POWER August 1960 









Experience Founded originally in 1823 the 
Company has had the widest experience in the design and 
manufacture of all types of equipment for the handling of 
air and other gases. Blowers, exhausters, heaters, filters, dust 
and fume removal equipment, and of course, fans of all types, 
fall within this wide scope. Fans of every size and for every 
purpose, from Coal Mines to Aircraft Carriers, have been 
designed, manufactured and tested by Keith Blackman and 
installed in all parts of the world—experience unparalleled in 
the field. 





Research Keith Blackman’s lead in design is 
maintained by five separate research departments. Specialised 
facilities are available at Tottenham for the development and 
testing of axial fans, centrifugal fans and filtration equip- 
ment, while a metallurgical laboratory controls the quality 
of materials founded at Arbroath. Tottenham also possesses 
one of the most advanced acoustics laboratories in the world 
for the investigation of sound levels in all types of fan engin- 
eering equipment. 

In addition, the company’s generating station, as well as 
supplying power to the factory, is designed to produce a wide 
range of A.C. and D.C. supplies for the test beds. 





Range The Keith Blackman range covers virtually 
every type of fan and blower in all sizes—axial types from 5 
inch to 100 inch diameter, centrifugal types ranging from 
14 inch to 180 inch, and propeller fans from 6 inch to 72 inch 
diameter. Much equipment is designed for clients’ specific 
requirements involving, frequently, the use of special mater- 
ials including pvc. Other equipment is made for heating, 
cooling, washing, dust and fume extraction, filtration and air 
conditioning. Five thousand fans of varying types are kept 
29 “ a. od continuously in stock for quick delivery. 


leadership 


e : 7.4 Keith Blac man Lt 


{incorporating Blackman Export Co. Ltd. ) 
MILL MEAD ROAD, LONDON N.17 TOTTENHAM 4522 





Resources The company’s three factories 
cover an area of 17} acres, and employ over 1,800 people. The 
main Tottenham works produces small and medium units and 
includes drawing offices, test facilities and machine shops, as 
well as the sales and administration offices. 
The Arbroath works deals with the production of the larger 
fans. Its iron and non-ferrous foundry plant supplies the whole 
. of the company’s casting needs. 
The Edmonton Factory concentrates on light sheet metal 
Saeed and plate work and the fabrication of steel structures. 
ee Se Virtually all components, including fan motors and bearing 
housings, are thus designed and manufactured within the 
organisation—a unique combination of resources. 


“ €8 8 BB 





Service Through the years the company has 
built up an enviable reputation for service at all stages. 
Sales representatives are all fully trained technical men 
capable of giving ‘on the spot’ advice on routine applications 
or special problems. The sales organisation operates from 
branches throughout the country backed by a staff of qualified 
sales engineers at Head Office. 

Despatch of stock items, of which 5,000 units are kept 
D : continuously available, is possible in as little as four days. 
The Company has its own road transport fleet and direct rail 
connections from the main factory. 





Troows/ 1046 
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'B-W"' ACUUM 


OVENS 


The Vacuum Oven illustrated is supplied in various sizes for 










drying, de-gassing and other processes requiring vacuum treat- 





ment. It is typical of Barlow-Whitney’s extensive range of 








Industrial Process Heating Equipment which includes— 





FURNACES - PROCESSING OVENS 
HUMIDITY CHAMBERS 

MELTING POTS 

HEATED AUTOCLAVES 
FLOWLINE HEATERS 





















Write for further details quoting reference C860 





















Tel: AMBassador 5485/6 
BARLOW-WHITNEY LTD., 2 Dorset Square, London, N.W.! 


WESTON uum 











PANEL : 
INSTRUMENTS 













Complete flexibility in panel design is made 
possible by the Weston range of “‘miniatures” 
which includes round, rectangular and edgewise 
models. Round models are housed in cases of 
2”, 24” and 3}” diameter . . . or, to harmonise 
with rectangular panels, the rectangular type is pees 
available, giving an increase in scale length of 
approximately 50% over the equivalent round 
models. Horizontal edgewise instruments are 
available with scale lengths of 2}” and 3}”. 
Moving iron, moving coil, a.c. rectifier and $ 
h.f. thermocouple models are offered—all with aunm ax=—_ <—es ame 
the accepted Weston qualities of accuracy and + 
reliability. 
Full particulars are to be found in leaflets— 
Lists Nos. W1, W2, W3 and W4, copies of 
which are available on request. 











SANGAMO WESTON LTD « ENFIELD « MIDDLESEX 
Tel: ENField 3434 (6 lines) & 1242 (6 lines). Grams: Sanwest, Enfield. 
Scottish Factory : Port Glasgow, Renfrewshire, Port Glasgow 41151 - Branches : London, CHAncery 4971 - Glasgow, Central 6208 


Manchester, Central 7904 - Newcastle-upon-Tyne, Newcastle 26867 - Leeds, Leeds 30867 - Liverpool, Central 0230 - Wolverhampton, 
Wolverhampton 21912 - Nottingh Nottingh 42403 - Bristol, Bristol 21781 - Southampton, So’ton 23328 








Sw/68 
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FINE-GRAIN 
even at x. 20 


BM) Mr. G. B. Higgins, Chief Radiologist in the Public Test 
ia House of Vickers-Armstrongs (Aircraft) Limited was asked by a 
customer* to examine batches of mineral-insulated thermocouple 
wires obtained from various suppliers for use in nuclear reactor 
test rigs. He was asked to compare the wires for thickness of 
sheath, thickness of conductors, and concentricity of conductors 
inside the sheath. 

The materials were a few thousands of an inch thick (the 


largest wire being only 1/16th-inch in diameter) so it would be Kodak 


necessary to project magnified images of the radiographs on to a 


screen. A film with very high contrast and the finest possible ‘INDUSTREX’ 
definition was necessary, so Mr. Higgins chose ‘Industrex’ 


film Type M. xX -_ RAY FILM 


The technique was to use low-kilovoltage X-rays at a large 
film-focal distance. Firm contact was maintained between wire TYPE M 
and film, and the radiograph was slightly under-exposed to avoid 
the chance of getting false readings because of undercut. 








The radiograph was viewed on a universal gauge projector In previous announcements in this 
in Vickers’ metrology laboratory at Swindon. All the required journal we have listed various Kodak 
information, correct to within 1% of the actual material thick- publications wg ee po 

= ness, was obtained easily at a magnification of X20. many industrial applications o, 

S : y ag ; , photography and radiography. These 

pot radiography was carried out in this way throughout a : 

f publications are free, and appropriate 
the 75-foot lengths of thermocouple wire to ensure that the very literature will be sent to you with 
high standard demanded in nuclear research was maintained. pleasure if you will let us know your 

Where the requirements are for the finest possible resolution particular interests. 


with very high contrast there is no better material than Kodak 
X-ray Film Type M. 

*The extensive Test House facilities of Vickers-Armstrongs 
(Aircraft) Limited are available to users on a commercial basis. 


EX 





1 6208 
= Kodak Limited, Industrial Sales Division, Kodak House, Kingsway, London, W.C.2 
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steel rings 


IN CARBON AND ALLOY STEELS 
PLAIN RECTANGULAR AND SPECIAL SECTIONS 



























JOHN BAKER & BESSEMER LTD 


KILNHURST STEEL WORKS 

i G.P.O. BOX. NO. 3, ROTHERHAM 
TELEPHONE: MEXBORO’ 21547 & 3793 

TELEGRAMS: TYRES MEXBORO’ 





LONDON OFFICE: 
LOCOMOTIVE HOUSE, BUCKINGHAM GATE S.W. 1. 
TELEPHONE: VICTORIA 5278/9 





Leaflet giving full details 
of manufacturing capacity 
available on request 

P3822 








ITREOSIL 


BUTTRESS JOINTS 


} 





For easily assembled joints between pilot plant pipelines 
and apparatus these joints are ideal. 

Buttress Joints with smooth ground flat faces ensure a 
robust seal with a simple gasket. 

Available separately or fused to tubing or apparatus, these 
joints are secured with a simple clamp and are not liable 
to seize up with such materials as silicon tetrachloride. 


® EASIER TO ASSEMBLE @ SAFER IN USE 
@ GREATER FLEXIBILITY 


THE THERMAL SYNDICATE LTD. 


P.O. BOX No. 6, WALLSEND, NORTHUMBERLAND. Tel. 62-3242/3 
LONDON: 9, BERKELEY STREET, W.1. Tel. Hyde Park 1711/2 
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AVO 


The photograph 
shows an AVO “D.C.” Amplifier Type 
1388B being used to measure current of the 
order of 10—!° A in the ionisation chamber 
of an “Avo” Radiac Survey Meter. A 
radio-active source is being used to cali- 
brate the instrument and a Perspex screen 
is employed to protect personnel from Beta 
radiation. 

This is a typical example of how the AVO 
organisation, working in conjunction with 
Government research authorities, con- 
tinues to make its contribution in the fields 


of modern scientific development and 





3822 industrial progress, 


a | AVO Instruments :— 





Model 8 AvoMeter Model 7 AvoMeter 
Model 40 AvoMeter Heavy Duty AvoMeter Mk. V 

| Panclimatic AvoMeters Signal Generators 

Electronic Test Meters Electronic Test Unit 
Valve Tester Type 160 Valve Characteristic Meter Mk. IV 
Universal Measuring.Bridge Type |! Electronic Multimeter Type 38 
D.C. Amplifier Type 1388B Radiac Survey Meters 








A fully descriptive Brochure is available on request for each of the Avo Instruments listed above. 


: V 0 L { i @ AVOCET HOUSE - 92-96 VAUXHALL BRIDGE RD. - LONDON °S.W.1 


Telephone: VIC 3404 (12 lines) 





Manufacturers of ELECTRICAL ELECTRONIC & NUCLEONIC -INSTRUMENTS and DOUGLAS & MACADIE COIL WINDING MACHINES 
A MEMBER OF THE METAL INDUSTRIES GROUP OF COMPANIES 
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One of the first users of the Argon Arc welding 
process in the country, we again lead in the installa- 
tion of the Sigmette Fine Wire welding equipment 
which opens a new field in the welding of Aluminium 
and its alloys, Non-Ferrous metals and Stainless Steels 

















Specialists in Aluminium Alloy Plate and 


Structural Fabrications of all descriptions 


Heat Exchangers 

Pressure Vessels 
Structural Aluminium of 
all descriptions 

Smooth bore pipes and 
fittings up to 24" diameter 


Your enquiries would receive 
our immediate attention 


Illustrated is an 8” and 12” Bore Pipe installation 
fabricated for the Ministry of Supply 


E. C. PAYTER 
& CO. LIMITED 


MEETING ST., GREAT BRIDGE, 
TIPTON, STAFFS. Tel.: TIPTON 2121 





We invite you to submit sample tubes so that 
we may demonstrate the method and advise 
on plant accessories to suit your requirement 


VACU-BLAST LIMITED, BATH ROAD, SLOUGH, BUCKS, EN 


for shot blasting tubes of any size 
from } inch bore upwards 


the only effective way to remove scale, 
fused sand and corrosion products from the internal 
surface of tubes of practically any shape or size. 


& 
“% 
BS 


GLAND. 


TELEPHONE : SLOUGH 24507 9 
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TYPES 


INDUSTRIAL for general industrial use up to 660 V. r 4 9 
SHOCKPROOF where resistances are subjected to 
heavy vibration—extra support for grid rods and 


heavier sides. 


STEEL WORKS with bakelite secondary insulation 
of grid rods. This type can be supplied with the extra 


rod supports to resist excessive shock if necessary. 
DRAW-OUT. Each bank of grids is carried on a slide he use of | } M.B. 


so that it can be quickly replaced, This feature can 
be supplied to any of the above types. 








draw-out resistances ensures 


FLAMEPROOF. Totally enclosed in welded steel 
cases to comply with B.S.229/1957, Flameproof 


certificate numbers FLP 1085 and FLP 3233. the speedy replacement of 


grid banks when necessary. 


Simply remove the 2 set pins 
and slide out the grid bank 


without straining or lifting! 


There’s no need to have space back 
and front——if it’s arranged to 
i, =H withdraw from the front, there’s 
) no room needed at the back and 


vice versa. 


Specify E.M.B. to reduce maintenance. 





We can give quick delivery ! 


E.M.B. Co. Ltd. 


West Bromwich 








England 








Consignment of 
draw-out resistances 
for a well-known 

steel works. 








1960 
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Famous for Forgings 


The Daniel Doncaster companies never 
stand still — we are always putting 

in extensive (and expensive ! ) new 
equipment to enable us to undertake 
by a combination of processes and 
plant work of the most versatile 


nature. 


We make forgings, drop forgings, 
hardened steel rolls and precision 


forgings. 


Why not write for the 28 page 


Doncaster Book ? 


Ih M ) 
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Both! One used in conjunction with the other! 
That’s been our business for a long time and 
we've built up a vast stock of experience 

and know-how in the process! 

Every Heather Air Filter uses a finely 
graded screen of intermingling hair to trap 
dust particles and impurities from the 
incoming air-stream. And, what’s most 
important, this unique, low-cost filter 
system does not need special cleaning 
equipment, fluids, replacement pads or 
fabrics. So why waste money on expendable 
filter elements and replacements whena 
Heather Filter can be cleaned for further use 
simply by shaking, washing or suction 
cleaning? 

If you want full details write for our new 
catalogue No.4l. 





ie 





Here is a Heather Multi- 
Brush Air Filter But do you 
also know about our range of 
money-saving Satomair 
Humidifiers? Send for our new 
catalogue and we'll forward 


details of these as well. 


© ‘a F 











DONCASTERS <> 
i778 I) D 




















DANIEL DONCASTER & SONS LIMITED SHEFFIELD 


MONK BRIDGE IRON & STEEL CO. LEEDS 12 
MOORSIDE COMPONENTS - OLDHAM 


© 
PULEBS LIED 


7 KENDALE PLACE - BAKER STREET 
LONDON - W.1. HUNTER 1801 





DANIEL DONCASTER & SONS (THE BLAENAVON CO, BRANCH) LTD. 
BLAENAVON + MONMOUTHSHIRE 


F.82 
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SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
Il eat souvent difficile au client 
publicitaire d’indiquer dans un 
espace restreint tous les détails 
de ses produtis. Dans le cas o& 
wous désireriez de plus amples 
renseignements a ce sujet, veuillez 
pointer le numéro approprié sur 
la carte ci-contre et envoyer cette 
derniére @ NUCLEAR POWER 


AUSKUNFTSDIENST FUR 
LESER 

East oft schwierig fur Inserenten 
technischen Einzelheiten 
thre Produkte in einem 
Platz zu bringen. 
Sollien Sie noch weitere Aus- 
kinfte wtinschen, streichen Ste 
einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an NUCLEAR 
POWER 


SERVIZIO D’ INFORMAZIONI 
PER | NOSTRI LETTORI 

E’ talvolta difficile all’inser- 
sionssta dt in uno 


alle 
aber 
begrenzten 


indicare 
spazio ristretto tutti + particolars 
Qualora de- 
pit 
informaztons a questo riguardo, 


det suos prodotti, 
sideraste ricevere ampte 
favorite segnare sl numero 
appropriato sul cartellino qut 
accanto ed inviare quest’ultimo a 


NUCLEAR POWER 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en un 
espacio limitado todos los detalles 
técnicos sobre sus productos. S% 
desea ulterior informacién, 
marque los nuimeros apropiados 
en la tarjeta opuesta y mdndela a 


NUCLEAR POWER 
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ELECTRO-HYDRAULIC 
SERVO VALVE 





This electro-hydraulic servo 
valve, developed by Armstrong 
Whitworth from their successful 
aircraft unit, can be used to 
control a wide range of hydraulic 
machinery and is particularly 
suited to process control systems. 
The valve utilizes hydraulic 
rather than electrical power 
amplifications and has a 
remarkably high power gain. A 
diaphragm, clamped around its 
periphery by two coil housings, 
is used to control the power — 
instead of the usual torquemotor 
— and the valve is therefore not 
susceptible to vibration effects. 











The valve — see diagram — consists of a main valve and 
a pilot valve. The main valve is supplied with pressure oil 
through ports A and B. When the spool is in the central 
position — as shown—the oil escapes through the 
tapered slots to the opposed jets C and D in the pilot valve 
and impinges on each side of the diaphragm. The two 
coils can be energised to attract the diaphragm towards 
one or other of the jets. If the signal to the right hand coil 
is the stronger, the diaphragm will flex to the right, 
Tepered restricting the flow from the right hand jet and thus 
rn gpa increasing the pressure in that line. Similarly, the pressure 
aa , . in the left hand line is reduced. This pressure difference 
\ ; is transmitted to the main valve and causes the spool to 
l \\ Tis a FS move to the left until the resultant decrease in discharge 
2 WN TG area of the tapered slot at the right hand end of the spool 
N and the increase in that at the left cause equilibrium to be 
AN, ae -_ \. restored. The displacement of the spool uncovers ports 
’ E and F, thus opening pressure and return lines to the 

To Hydraulic Machinery hydraulic machinery. 


ARMSTRONG WHITWORTH EQUIPMENT os tucctecote, Gloucester - TELE: GLO 67011 
SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., A MEMBER OF THE HAWKER SIDDELEY GROUP 
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Al's extensive field laboratory is located in California’s Santa Susana Mountains. 





Sy 


Woodcut by Edward Kysar. 





How can A.I. facilities help you plan a Nuclear Program? 


In the picturesque Santa Susana mountains near Los 
Angeles, Atomics International has built an extensive 
field laboratory for research, engineering and testing in 
the nuclear sciences. Here, and at a headquarters complex 
in the valley below, men who pioneered the creative uses 
of atomic energy are applying their experience to develop 
advanced nuclear reactors and associated equipment. 

Fourteen years of experience in developing various 
types of reactors for the Atomic Energy Commission and 
other organizations have given the men of Atomics Inter- 
national a collective background unparalleled in the indus- 
try. The facilities at their disposal are among the most 
sophisticated and extensive in the world. 

Results of AI’s work have been demonstrated in proj- 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, 
PIONEERS IN THE CREATIVE USE OF THE ATOM 


ects for the AEC which include the Organic Moderated 
Reactor Experiment at the National Reactor Testing Sta- 
tion in Idaho and the Sodium Reactor Experiment at the 
company’s field laboratory. Additionally, AI built and is 
operating SNAP II, a 220 pound prototype reactor to 
produce three kilowatts of electricity for space vehicles. 
Atomics International is also building large power 
reactors for electric utilities in Ohio and Nebraska under 
AEC programs. Studies are underway for other power 
reactors in the United States and Europe. Research reac- 
tors have been built by AI for Denmark, Germany, Italy. 
Japan, Puerto Rico and several sites in the United States. 
For details contact: ATOMICS INTERNATIONAL, Canoga 
Park, California, U.S.A. Cable address: ATOMICS. 


INC 


Other offices in: Washington, D.C., U.S.A.; Geneva, Switzerland. Affiliated with: INTERATOM, Bensberg/Cologne, Federal Republic of Germany and DYNATOM, Paris, France. 
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Wherever information on fluid flow is required, 


the de Havilland POTTERMETER 


sets new standards of accuracy and reliability 





Write now for further details to: 


NUCLEAR POWER August 1960 





This new turbine-type flowmeter enables major advances to be made 
in the techniques of flow measurement and control. The de Havilland 
Pottermeter is the only flowmeter which offers all these features: 


Contains only one moving part —no thrust bearings — operates with a minimum of 
maintenance at high temperatures and pressures 


Accuracy to + 0-1% or better on repetition work, + 0-5% or better over a 20-1 range. 
Calibration remains constant for a variety of liquids over wide flow ranges. 


No larger than the pipeline in which it is installed —may be mounted in any attitude. 


Can be supplied with indicating, recording and process control equipment — gives 
digital presentation of results. 


Can measure volumetric or mass flows. 


Models available to measure flows from 0-1 to 40,000 Imperial gallons per minute, at a 
wide range of operating pressures. Larger and smaller sizes made to order. 


Can measure flow of any liquid or gas, irrespective of its lubricating or 
non-lubricating properties, at temperatures ranging from —455°F to 1500°F. 


Manufactured as standard in stainless steel—can be made in any non-magnetic material. 
Rapid response rate permits transient flow studies. 


DE HAVILLAND PROPELLERS LIMITED 
(INDUSTRIAL SALES DIVISION) Hatfield, Herts 
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Top: ‘* Speedivac "’ 18C3000/1S50 rotary pump combination. 


The pumping curves shown on 
the right indicate the perform- 
ance of a IRS_ mechanical 


booster when backed by a 
1SC900 single stage pump and 
the IR35 (illustrated above) 
when backed by two 1S8C3000 
gas ballast pumps in parallel. 
The dotted curves _ indicate 
pump performance when oper- 
ating on full gas ballast. 
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SPEEDIVAC: 


MECHANICAL BOOSTER AND 
GAS - BALLAST ROTARY VACUUM PUMPS 





LITRES PER SECOND 


EDWARDS HIGH VAGUUM LTD., manor royat, 








CRAWLEY, SUSSEX. 








One of the fastest 
pumping combinations 


in the vacuum world ! 


ROTARY VACUUM PUMPS 


“Speedivac” gas ballast pumps are quict, 
high speed machines, protected against con- 
tamination by gas-ballast operation and the 
use of specially prepared inhibited oils. They 
include both single and two-stage mod's 
ranging from the small laboratory pump to 
large capacity industrial pumps displacing 
many hundreds of cubic feet per minute. The 
industrial pumps are fitted with patented and 
automatic devices to prevent oil suck-back. 
A range of magnetic valves, non-return valves 
are also available. 


MECHANICAL BOOSTERS 
(Roots Type) 


“ Speedivac ” mechanical boosters have very 
high pumping speeds from atmosphere to less 
than 10-3 torr. and use no internal sealing 
fluid. There is no contact between the in- 
ternal sealing surfaces, therefore mechanical 
boosters are influenced by backing pump per- 
formance. Various pumps and combinations of 
pumps are available to provide different per- 
formance figures. 


“ Speedivac ” mechanical boosters are 
equipped with fluid couplings which vary the 
rotational speed so that the booster can be 
used for the roughing part of the cycle 
without the need for vacuum switches, valves 
and by-pass lines. 







Crawley 1500 
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BY APPOINTMENT TO G 


Suppliers of Fire Extinguishers G * 


.. 


facing new industrial 


Ny 

dels 

: fire problems 

and 

i 

1e) The Pyrene Company, with its unrivalled 


facilities for research, keeps ahead of changing 
very 
less 





industrial techniques, and is constantly develop- 
+s ing the means to overcome the new fire risks they involve. As makers of the world’s 


nical 


an most comprehensive range of fire-fighting equipment, 





's of The Pyrene Company can give you invaluable and 
per ' é ) ay 

impartial advice on any fire protection problem—it is eng ae 
yours for the asking. We are proud to have given Ye ome 
oe 
n be advice on fire protection—and supplied major fire-  sletieied 
cycle } F Bin i ALDERMASTON 
alves fighting equipment—for most British atomic centres 


CALDER HALL 
already constructed. This service is also being applied CAPENHURST 
DOUNREAY * FOULNESS 


; . HARWELL « SPRINGFIELD 
methods used in modern industry. Consult Pyrene WINDSCALE 


to many new engineering plants and production 


Fire Engineers and: ensure maximum fire protection 














for valuable plant and human lives too. 


FIRE FIGHTING 
EQUIPMENT 











THE PYRENE COMPANY LIMITED 


(Dept. NP 4) 9 GROSVENOR GARDENS * LONDON S.W.1 Tel: ViCtoria 3401 


Head Office & Works: GREAT WEST ROAD - BRENTFORD * MIDDX 







1500 


Canadian Plant: TORONTO Australian Plant: MELBOURNE 
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BOLTON Patent Shutter Doors 


Custom built to your requirements are 











as shown on right, Bolton Shutter Doors 
readily accommodate all special 
requirements from railway track clearance, 
as shown below, to overhead cables 

and runway beams. May we send you our 
latest catalogue, reference NP 346? 


Available with continuous glazing, ake 
E— 
E 











a 


Gry At) Pe MWeBGrameindows Botton. . LANCASHIRE 


Branches in London, Glasgow, Birmingham and towns throughout the country 








Gy BG346 


P INDUSTRIES ATOMIQUES 
is the only international technical and indus- 
- trial review printed in French, which specialises 
dustri eg entirely in nuclear and related subjects. 


INDUSTRIES ATOMIQUES is read by indus- 
trialists, engineers, technicians and chemists, heads o 
technical firms and by all those engaged in the world 


> of science. In short, it is intended expressly for all 
rr il TAS specialists interested in research and in its practical 
realisation. 
In view of its international character, INDUS- 
TRIES ATOMIQUES is read and appreciated in 
countries all over the world. 
Up to date, more than 250 authors, all specialists, have honoured this review with their 


collaboration, and have contributed previously unpublished articles of high scientific value, 
The international review for the peaceful © ?>undantly illustrated. 


























INDUSTRIES ATOMIQUES is a source of precise documentation, constantly being 
uses of nuclear energy brought up to date. The international information and the list of suppliers to the atomic 
A RENE KISTER PUBLICATION industries printed in its pages will be found invaluable. 
Annual Subscription OP ee ee 
| Industries Atomiques Subscription form 
12 numbers per year | Subscriptions can be paid in the currency of the country at any European post office. 
French new francs. . . . . 41,50 | We desire annual subscriptions, starting from 
i , to be sent to (surname, Christian names, or 
Belgian francs . . . . . . 510 , Qver'e thine, On wee) ; 
Swiss francs. . . .... 40! 
German marks. . ... . 40 Method of payment Date and signature: 
[ és eS 
US. dle. . . . . - . . (This form should be returned in a stamped and addressed envelope to 
Pounds sterling. . . . . . 3/15/0, NUCLEAR POWER, 77-79 Charlotte Street, London, W1.) 
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One of the widest ranges 
in the world 








H DOL/TW VALVE. 
Suitable for fuel oil, changeover, 
or recirculating applications. 
3-way, pneumatic or hydraulic 
control }” to }” B.S.P. 






WE HAVE 
: THE ANSWER TO 
=) MANY INDUSTRIAL | 
wo, CONTROL PROBLEMS si) 


Whatever the application, whatever the medium or operating temperatures 
the Black range of solenoid or diaphragm operated valves and 
pressure switches can find a place in your control lines. 








Black Automatic Controls Limited 


LEAFIELD, CORSHAM, WILTS Tel: Hawthorn 136 


A Member of the Elliott- Automation Group 
Ba/2 
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CREW-FIXING 
IS FASTER 
THAN EVER! 


‘Rawlplugs are by far the speediest method of screw-fixing in 
the world’—you’ve known that for years. But have you noticed 
how much faster even Rawlplugs are today, with the sensational 
Rawlplug drills and power tools now available for drilling the 
holes in all kinds of masonry? It’s well worth looking into! 























VANNS 


SSS) 


RAWLPLUGS 





FOR ALL SCREW SIZES 


There’s a Rawiplug for every size of screw up to ?” diameter coach 
screws, which take a load of 4 tons. 

Rawiplugs are the fixing for neatness as well as speed and strength—no 
mess, no damage to surrounding materials, almost invisible in position. 
Being rotproofed and waterproofed during manufacture, they can be 
used under all climatic conditions. Screws can be withdrawn and 
replaced without affecting the efficiency of the Rawlplugs. 








Write now for illustrated literature containing full details 
of Rawlplug Fixing Devices and the many high 
performance Raw!/plug tools (hand, electric and pneumatic). 


THE RAWLPLUG CO. LTD., 
CROMWELL ROAD, LONDON, S.W.7 


NANA AMMAMAN MAHA HHT Ee 





Be33A 


Telephone: FREMANTLE 8111 (10 LINES) Telegrams: RAWLPLUG SOUTHKENS LONDON 


The world’s largest manufacturers of fixing devices 





HIGH EFFICIENCY 
BORING TOOLS AND DRILLS 


For cutting holes in any material— 
concrete to glass—Raw/lplug tools are 
the speediest, most efficient 
and durable in the world. 
Sizes and types to meet every 
need—hand, electric or air 
power. Among hand 
percussion tools are Rawl- 
drills, Stardrills, Tubular and 
Wall Boring Tools. For hand 
or power—Durium, the 
world’s fastest masonry drill, 
and Durium Glass Drills. 
Power only—Vibroto, Rawlcrete, Durium Hammer Drills, etc. 











R.P.2 
Two-speed 
ELECTRIC 
DRILL 





Keyless Chuck 


At the touch of a button you can change the speed of this drill 
from 1200 r.p.m. to 420 r.p.m. which is the ideal speed for 
Durium Masonry Drills. Chuck capacity is 5/16”. Finger tight- 
ening holds the smallest drill in rigid grip which increases with 
the load yet can be easily released. 


RAWLPLUG DRILL HAMMER 


This ingenious attachment converts a suitable 
electric drill into a Power Hammer which rapidly 
bores holes in even the hardest masonry! 
A sturdy high-precision tool, thoroughly 
proved and used by famous Contractors, 
the Rawlplug Drill Hammer is a 
magnificent time-and-money saver. 
Suits any electric drill with working 
speed up to 2000 r.p.m. and 
minimum }” chuck. Speed—one 
blow per chuck rev. Weight of 
blows adjustable ‘light’, ‘medium’ 
and ‘heavy’. 


Rawiplug VIBROTO 
Drilling Machine 


The performance of this sensational 3 in1 
power tool must be seen to be believed— 
three high-precision machines in one! 

The Vibroto R.V.1 machine provides 

(1) dual vibration action (with Vibroto 
Drills, faster masonry drilling even than 
Durium!); (2) Rotary action for standard 
Durium Drills; (3) general purpose tool for 
use with standard twist drills. Vibration 
frequencies 7,500 and 11,200 per minute. 
Weight 9 lb. Length overall 184”. Fully 
guaranteed. The R.V.2 machine is a smaller 
version and although lighter in weight it has 
all the advantages of the R.V.1 for drilling 
holes in masonry up to No. 14 using 
Vibroto hard-tipped drills. 
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Single Channel Remote Area Monitor 


Model GA Series. Available in the GA-3 series w 4 
2-point electronic calibration, in the GA-4 series wi.) 
the same and with the addition of “source check " 
feature, and in the GA-S series with 2-point sou 
(SR-90) calibration only. The GA series offers a 
continuous combination 3 decade logarithmic ran; 
from ‘Ol mr/hr to 100,000 R/hr. Energy depender 
is flat to within plus or minus 10% from 80 KV 


1:2 Mev 





RIGGS NUCLEONICS 





new 
advancements 


Alpha Floor Monitor 


Model FM-3G. Designed to enhance the surveying 
floor surfaces of research, operation, or productior 
areas where alpha-emitting radioactive materials « 
present. Its high sensitivity, large area probe searct 
out hidden alpha contamination not readily detectat 
with ordinary portable alpha survey instrumentation 
Eliminates delays involved in ‘* smear or Wipe tech- 
niques. Well balanced and self-contained. 2 pi geomet 
meter readout determines immediately the contamin 
tion status of an area. 


EBERLINE INSTRUMENT CORP. 


Coincidence Radiation Analyzer 


Ovo = 


NUCLEONICS 


from U.S.A. 


i‘< 





Model 704. Measurement of minute quantities of 
radioactive material is enhanced by coincidence analy 
sis. By counting only simultaneous pulses, background 
is virtually eliminated. Used with a wide selection of 
single channel analyzers, linear amplifiers. It employs 
delay line compensation for transit time of single 
channel analyzers used in a coincidence experiment 
Delay lines easily modified to suit transit time of the 
particular single channel analyzer in use. 


Frazar & Hansen Ltd., internationally known since 
1834, presents many leading U.S.A. manufactured 
nuclear instruments and components, including 
monitors and detectors, radio-chemical analysis 
equipment, nuclear medical scanners, educational 
teaching aids and radiation shielding and protective 
equipment. Write for information. SS ee 





FRAZAR & HANSEN Ltd., 301 Clay Street, San Francisco, Calif., U.S.A. 


The eyes of the World 





are on / FLANGES 


The only flanges to be awarded a silver and 


bronze medal at the World’s Fair, Brussels 
KIRK’S other products included in the award are Malleable Fittings, Fabricated 
Pipework, Welding Fittings, Welded and Seamless Steel Tubes and Fittings, 


SPECIFY BUY AND USE 
THE WORLD'S BEST Poreings, Valves. In Sicel and 


( Stainless Steel, 
FLANGES FROM £29950 iP isl aco. (ses) ur0. 


74/82 PARADISE ST 
and at MANCHESTER 














LONDON S.E.16 BERMONDSEY 3156/7/8 
PONTYCLUN 


















WALSALL 
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CORROSION RESISTING 
CASTINGS UP TO 
24 TONS.... 


















Process PUMPS in ALL 
CORROSION resisting 
materials including stainless 
steels to all B.S.S. and 
A.S.T.M. requirements, 
CENTRIFUGAL 
Weld neck, slip 


on and blind 


high nickel base alloys 
and pure nickel. We 
can supply all grades y 
of Iron Castings up / flanges in stainless 
steel, etc. Also 

CENTRIFUGALLY 
cast TUBES in Iron, 
Carbon Steel, Stainless 
Steel, and NICKEL BASE 
ALLOYS up to 12’ 6”. 


Maximum length = and 


to 2 tons. in 


weight. 


diameters up to 36” 


maximum. 


SHEEPBRIDGE ALLOY CASTINGS LTD 


(One of the Sheepbridge Engineering Group) 


SUTTON -IN-ASHFIELD, NOTTS. 
Tel: Sutton-in-Ashfield 590 

















Detect and Measure 
H° er p °? 


Pu?’ UU’ etc. 


NMC Proportional Counter Converters 
transform any scaler with a high voltage 
supply into a complete proportional count- 
ing system. Connect to scaler and plug 

into any 110-volt circuit for precise detec- | 
tion and measurement of alpha, beta and 

gamma radiation. Discriminate between 
alpha and beta by high voltage setting 
only. Samples counted inside gas flow 
chamber which yields full 2 pi geometry. | 
Every alpha and beta emitted into cham- | 
ber is counted. Built-in low voltage power 
supply and gas flow control. Amplifier- 
discriminator is built-in and completely 
transistorized. 








PCC-I0A 








Standard all-purpose counting chamber 
accepts disc type samples up to 2}” dia- 
meter X 4%". Interchangeable chambers 
available for lower background counting. 
Dimensions: 74” X 104” X 17” deep. 


PCC-IIA 





Chamber totally enclosed by heavy lead 
shield to reduce beta-gamma background 
counting. Accepts disc type samples up to 
24” diameter X 4%”. Interchangeable 
chambers available for lower background 
counting. Height:17”. Diameter at base: 11”. 


PCC-I2A 





Large chamber accepts samples up to 7}” 
diameter X< 1” thick. Ideal for bulky 
samples or large-area filter paper samples. 
Dimensions: 10° X 11” X 19” deep. 


D> 


Nuclear Measurements Corp. 


International Office : 
13 E. 40th Street, New York 16, N.Y. 
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TEST SIEVE SHAKER 


18/8 = 





analysis 





Accurate and consistent results are the feat. es 
required of a test sieve shaker for the s\ ve 
analysis of the particle size range of mater :|. 
Simply vibrating or shaking test sieves by 

hand is not good enough for the standard of 
accuracy required these days. Vibration alone 
tends to aggregate rather than to segreg.ce 
particles and shaking test sieves by hind 

is not only tedious but inevita>ly 

produces inaccurate resu'ts 


a) 
LE 
a 
a 

| 
4 


Titanium 


(LOW COBALT) 
Stainless 


Steel 
: SP eha 
Wire saga <n Se ete So 


The Inclyno Test Sieve Shaker incorporates 
a double movement that jolts and 

spreads the test material ensuring perfect 
segregation of the various particle sizes 
and presenting the maximum number of 
apertures for undersize particles to 

fall through each sieve. Three models 
available for all sizes of standard test 
sieves and supplied complete with motor 
and inbuilt automatic time switch 





Crawley 25166 for 


} List IN 3208 GATWICK ROAD + CRAWLEY - SUSSEX 
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Stainless Steel Wire, to this 





HH POCKET f 
at INTERCHANGER #1 


specification, is already being nt 


supplied by us in ever ENDECOTTS 
increasing quantities to meet 


TEST SIEVES 





the specific requirements of 
Nuclear Engineers and 


Designers. We shall welcome 





your enquiries for this and | semen 


‘ENDROCK’ 
TEST SIEVE 
Stainless Steel Wire. SHAKER 


all other types of Austenitic 


Stainless Steel Wire 
Company Limited | 








TEST SIEVES 
B.S. 410: 43 U.S. Standards 
and Tyler Equivalents 





THE BARRACKS - LANGSETT RD 
SHEFFIELD 6 





We operate a Recovering Service 


Consistent mechanical action — 
Telephone No.: 344241-2 Sheffield saves valuable time of skilled personnel 


Telegrams: Finewyre ° Sheffield ENDECOTTS (FiLTers) LTD. Phone: LiBerty 8121/2/3 
Dept.A. Lombard Road, London, $.W.19. Grams: Endfilt, London 
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CATHODIC 
PROTECTION? 


2 WELDING 
INSPECTION? 


MAPEL 


World-Wide Service 


METAL AND PIPELINE ENDURANCE LTD., 
80 London Road, Woolmer Green, Herts. 
Tel: Knebworth 3083. Grams: Metaldure, Knebworth. 
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test 
yotor 
witch 





Get the facts from 











utes. 


Other offices at London, Newcastle-upon-Tyne and Glasgow. 


















* Well-proved design. 











* Up-to-date folded section 
construction. 





RACKS 


are engineered to your requirements 
In the finest quality zinc-coated steels and finished j 


Rack tappings to suit 
British, U.S. and Conti- 
nental equipment. 





* Identical front and rear 
frames. 










is # Unit ‘doors of ony size on ' in high-relief hammer stove enamel; other finishes f 
front or rear. \ available to your own particular specification 4 
HHHE * Cooling by blower, extrac- Delivery period for most standard 


tor fan or natural convec- Racks is seven days 
tion without modification to 


rack. | 
| METAL PRODUCTS LID. pres 
Ins CE wee oe as iDyshanbbeal COLNE WAY TRADING ESTATE - WATFORD-BY-PASS SLT 


Telephone: Watford 22351 





Telegrams: Datum, Watford 
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MOVING COIL 
VIBRATOR TYPE Vi000c 


This vibrator has been developed to fill in the need for 
a medium power vibrator with a table surface in 

place of the usual single point drive spigot. 

The table is cast from a high duty magnesium and is 

6” (15-2 cms.) in diameter and provided with 12 X }” 
B.S.F. tapped holes for attachment of the test object. 
The moving coil is attached directly to the table casting. 
The weight of the moving system is 17-6 lbs. (8 Kgs.), and 
a bare table acceleration of 31 ‘G’ peak can be obtained 
for an input current of 10 amps., which is equal to a 
thrust of 550 Ibs. peak for an input power of 1 KW. 
The vibrator can also be supplied with a blower 
(V.1000C.B.) and will deliver a thrust of 750 Ibs. peak 
for an input power of 2 KW. 

Can be trunnion mounted if required. 








Savage Moving Coil 
Vibrator Type Vi000C 


designers and 


BRYAN 


manufactureri 


eeceoeeveeveeeees oJ vibrators and ava Ee 
amplifiers for 


modern industry 











W. BRYAN SAVAGE LTD 17 Stratton Street, London, W.1. Telephone Grosvenor 1926 





DaS860NP 
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Apply ELECTROLUBE lubricants to 
all SWITCH CONTACTS and D. A. E. P. 
BEARING SURFACES of turret 


tuners, plugs and sockets, controls, DOUBLE ACTING ENCLOSED 


gram motors, tape recorders etc. 


ELECTROLUBE lubricants are a WORM DRIVE PUMP 


British discovery—a scientific pre- . ; ’ 
paration—not “ just another switch Suitable for:—Boiler Feed, Seawater, Fuel oil and 
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|MININUILIIANatnnraeieititittesese 






cleaner”. viscous fluids up to 3,500 sec. Redwood I. 
ELECTROLUBE lubricants stay effec- 
M k tive for months. EFFICIENCY High Duty/Power Ratio 
d e 1700 G.P.H./200 P.S.1. a= 7£ H.P. 
to 
57 G.P.H./150 P.S.I. —- } H.P. 
contact CC 0 I] eC ECONOMY _ Low current — requiring simple, inexpen- 
sive switchgear. 


BRAND 


_— LUBRICANT fee? s 


TROUBLE-FREE 


— 


ELECTROLUBE Brand No. | for LONG LIFE fs | 
light current applications, reduces WORM DRIVE ae Fa 
fixed and relay contact resistance, | 2Qr / 

stops audio interference, increases - fea < ] 
h.f. and I.f. gain by 3 dB etc. LF Ls LOA, 

a ee i D> 
suliee coun ne Aaa Bd SEPARATE Individual gear box and pumping unit are 
rent duties, operates under difficult UNITS bolted together. IRON, GUNMETAL or 
conditions, reduces wear on con- STAINLESS STEEL Pumps do not need the 


tactors 3 to 5 
times; increases 
No.1! 22/- nett trade life of battery 
No. 2 33/- nett trade motors 8 times. 





gear box in these expensive metals. 


Available in New | . ® * —_ 
NYLON Suitable for all climatic conditions 


SNORKEL Container 








Write for details to the manufacturers: 


Ge Supplied Only Through Your Wholesaler RICHARD GROSVENOR & CO. LTD. 


Electrolube and Snorkel are Registered Trade Marks of 
ELECTROLUBE LTD. 16, Berkeley Street, London, W.!. 53-54 VICTORIA ROAD, SURBITON, SURREY 
24 hour ANSAFONE service. Tel. HYDE Park 0501 (5 lines) Telephone : Elmbridge 7700-1 


NRP 2961 
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Ruggedly built, but still 
mobile, the Muller Macrotank H 
is specially developed for 





on-site radiographic examination 





in heavy industry, ship and 
bridge building, nuclear power 






and refinery construction — 





wherever complete and accurate 





weld examination is essential. 





The small focus (2.3 mm.) of 
the Macrotank H gives really 
sharp definition, with a 







penetration of up to 2}” of steel 
with Pb screens in reasonable 






exposure time. It is low in cost, 
reliable in use, and backed by 






full service facilities which may 





be on contract if desired. We 
shall be glad to send you 

full details. 

The Macrotank H is a product 
of C. H. F. Muller, Hamburg. 














Sole Distributors in U.K. 


RESEARCH AND CONTROL INSTRUMENTS LIMITED 
Instrument House, 207, King’s Cross Road, London, W.C.1. TERminus 2877 


/ 


Zant | 


S Platework specitication 








We specialise in welded or riveted fabri~ 
cations in Mild Steel, Stainless Steel and 
Aluminium Alloys and pride ourselves on 
the attention paid to constructional details 
which ensure trouble-free service for the 
finished product. 


A typical example of our craftsmanship is 
the fabrication of Ducts of rectangular de- 
sign for Power Stations or Boiler Houses. 
They are accurately fabricated to suit your 
requirements. 


Our ** FABRICATED PLATEWORK ” Brochure fully describes 
our Service and is available on application. 





W. G. ALLEN & SONS (TIPTON) LTD. 


P.O. BOX 4 . TIPTON : STAFFS 
Tel: TIPTON 1266 





Se 


Typical examples of Allen’s Fabrication Service: Low Pressure Welded Piping for Exhaust Steam, Gases, Water, etc. Pipes and Ducts for Super 
Power Station Boiler Plant; Hoppers; Casings; Tanks; Flat Platework; Manipulated Platework of all kinds; Bed Plates and Frames for Machines, etc. 
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FOR THIS MODERN AGE 





ARE OUR BUSINESS 


C. G. CARLISLE & CO. LTD. 


IONA WORKS, PENISTONE ROAD, SHEFFIELD. 





© STAINLESS STEEL} 


® HEAT RESISTING 
STEELS 


@® VALVE STEELS 


@ HIGH SPEED STEELS 
@ TOOL & DIE STEELS 





34879 | 


Telephone : 





AY 
AA 


s 
Cbip MECHANICALLY LOCKED No. 3 Type 


|e OPEN STEEL 


FLOORING 


ideal for factories, 
warehouses, refineries, 
gas works, fire escapes, 


etc. 
Supplied with handrails by 
and standards if desired. 


Our technical staff will be pleased to assist you 





BETTLES & SONS LTD., ARCWEL FACTORY 
STAFFORD ROAD, FORDHOUSES, WOLVERHAMPTON 
Telephone: Fordhouses 2278-9 
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MERCURY-IN-STEEL 
TEMPERATURE INSTRUMENTS 

















DIAL THERMOMETERS 
for Industrial purposes. 
DIAL THERMOMETERS 
for Diesel engine use. 
INDICATOR CONTROL 
THERMOMETERS 

with Electric Contact Head. 


MAX. or MIN. 
INDICATORS. 


TEMPERATURE 
RECORDERS 

Single or Dual Pen. 

Fixed or Portable Models. 


TEMPERATURE 
CONTROLLERS 
Indicating and Non-Indicating 


Also a full range of BI-METAL and VAPOUR PRESSURE 
Temperature Instruments. 
Write for details 


THE BRITISH ROTOTHERM CO. LTD. 
Merton Abbey, London, S.W.19. Telephone: LiBerty 7661 (6 lines) 
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LARGEST NUCLEAR POWER STATION = HINKLEY POINT 
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Over 10,000 Simmonds G.P.O. type 3000 relays 
have been ordered for this new station to the 
special requirements of The United Kingdom 
Atomic Energy Authority and the Central Elec- 
tricity Generating Board. Weare proud to be 
associated with English Electric and Marconi 
Instruments in this vast project and to be 


entrusted with this exacting work. Hinkley 







Point nuclear power station is being built by 
The English Electric, Babcock & Wilcox and 
a is Taylor Woodrow Atomic Power Group. 





L. E. SIMMONDS LTD., Byron Road, Harrow, Middlesex. 


Telephone : Harrow 7797/9. Telegrams : Simrelay, Harrow. 
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RINGROSE 


Jutomeatte 

















SUPPLIED TO ATOMIC ENERGY ESTABLISHMENTS 
ADMIRALTY NATIONAL COAL BOARD 
MINISTRY OF WORKS MUNICIPAL AUTHORITIES 
PORTABLE AND 
CONTINUOUSLY OPERATING 
EQUIPMENT . 
AVAILABLE FOR THE DETECTION 


OF ALL INDUSTRIAL GASES 
AND/OR VAPOURS 








There is a RINGROSE instrument 
designed to meet 

your own special safety needs. 

g FULL DETAILS ON REQUEST 











INTERNATIONAL GAS DETECTORS LTD 


GREAT WILSON STREET, LEEDS, I!. TEL. 25268 








GAS DETECTORS 
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FOR GEARS AND GEAR UNITS 
OF EVERY DESCRIPTION... . 


specify HIGEARS 


We have a technical representative or an agent in your 
area backed up by a competent technical staff to give you 
expert advice. Call us in early in the design stage. We 
may be able to reduce the cost by advising one of our 
standard gear units. 


SERVICE 
after 
SALES 


| je with a guaranteed 
| 
after sales service ! 


| HIGHFIELD GEAR & ENGINEERING CO. LTD. 
Nile Street, Huddersfield, Yorks. 


"Phone: Huddersfield 4490 (3 lines) Grams: Higears, Huddersfield 
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ADVERTISEMENTS 


DISPLAY ANNOUNCEMENT RATES :—! insertion 50/- per single col. inch 
6 insertions 47/6 per single col. inch 
12 insertions 45 /- per single col. inch 

LINEAGE ANNOUNCEMENT RATES :—S/- per line. 5‘ 


12 insertions 


CLASSIFIED 


% discount 6 insertions, 10% discount 


BOX Nos.:— 
COPY DATE :— 


1/- extra will be charged 


Advertisements for September issue to be received not 
later than August 10th 








SITUATIONS VACANT 





MATHEMATICIANS, PHYSICISTS 
and 
ENGINEERS 
are required by 
THE NUCLEAR POWER GROUP 

for the following positions in the Group’s Physics Department 
SENIOR PHYSICISTS—with Honours or higher degree and experience in 
either Reactor or Radiation Physics. 
JUNIOR PHYSICISTS—with at least an Ordinary degree. 
PROGRAMMERS—(a) with experience in Analogue Computing or Control 
System Analysis, to prepare programmes for a large general purpose Analogu- 
Computer (PACE). One of these positions will be of a senior nature. 
(b) with at least 2nd Class Hons. for work on Digital Computing. Previous 
experience is not essential. 
The successful candidates will work at the Group's offices situated at 
Knutsford, Cheshire. Housing assistance will be given to married men. 
Applications, giving details of age, experience and qualifications should be 
addressed to:— 

The Personnel Manager, The Nuclear Power Group, 
Radbroke Hall, Knutsford, Cheshire, 
quoting reference:— NP/PHYS/4 











SALES ENGINEERS REQUIRED 


by a leading company manufacturing high precision Components, 
Mechanisms and Machines, with Technical Design, Research, and 
Development Departments. 


Candidates, preferably 30-35, should possess Honours Degree in 
Mechanics and/or Electronics with a proved ability to negotiate at all 
levels and be conversant with the development of new equipment and 
techniques. 

Car. Non-contributory Life Insurance and Superannuation. 
Commencing Salary £1750 in a progressive and interesting career. 

Full experience to Director, Box No. NP207. 


UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY 


A SENIOR PHYSICIST 
is required by 
THE RADIOCHEMICAL 
CENTRE, AMERSHAM 


as an Assistant Manager of the 
Physics Department to supervise 
generally the work of the radiation 
measurement and instrumentation 
sections, which includes the devel- 
opment of new instruments and 
techniques for measuring radio- 
activity. 
Applicants should have a *good 
Honours degree in Physics, and 
should be experienced in radia- 
tion physics, particularly in the 
measurement of ionizing radiations 
and in the design of nucleonic 
instruments. Sound managerial 
ability is necessary. 
Salary will be based on experience, 
within the scale £1,535 to £2,180. 
Financial assistance will be given 
in certain circumstances towards 
legal expenses incurred in house 
purchase. 
Please apply to the 
Personnel Officer, 
The Radiochemical Centre, 
Amersham, Bucks, 


quoting No. 6/1960/202 























DESIGN ENGINEER 
for 


Marine Propulsion Machinery 
Installation Research and Development 


Marine or Mechanical Engineer of University degree standard required 
for progressive appointment with the Yarrow-Admiralty Research 
Department. 

Candidates should preferably have good mathematical ability and some 
practical experience. The appointment may involve temporary attachment 
to a Nuclear Research Establishment after appropriate training. 
Starting salary commensurate with age and experience. Superannuation. 
Reply, stating age, technical qualifications, practical experience and salary 
expected, to: — 


The General Manager, 
Yarrow-Admiralty Research Department, 
Messrs. Yarrow & Co. Ltd., 
Scotstoun, GLASGOW, W.4. 
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REACTOR 
DESIGN ENGINEERS 


In its Nuclear Reactor Projects, the De- 
velopment and Engineering Group _ is 
extending the limits of engineering practice 
in a variety of directions. Despite the large 
scale and novelty of the work, it is based 
on accepted engineering design, but offers 
great scope for original design contributions. 
A few vacancies exist for Design Engineers 
of good calibre, to join teams responsible 
for the design and construction of new 
reactor projects. Previous experience in this 
field is not essential as initial training will 
be given, 

Applicants must have qualifications to 
degree or H.N.C. level in mechanical engi- 
neering and be corporate members of a 
senior engineering institution, or equivalent. 
Engineers with a background of control or 
electrical work may be suitable for some 
posts. 

Salaries will be between £1,880 and £2,180 
according to qualifications and experience. 
Contributory superannuation. Staff housing 
scheme. 

If you are keen to extend your experience 
into this rapidly developing field, and have 
good design or project experience, you are 
invited to write for an application form 
quoting reference 306/328 to:— 


Senior Recruitment Officer, 
UNITED KINGDOM 
ATOMIC ENERGY 
AUTHORITY, 
Development & Engineering 
Group Headquarters, 
Risley, Warrington, Lancashire 


Closing Date: 29th August, 1960 
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AT YOUR 
SERVICE 


when you need 





























an expert 
































HELICOPTER SERVICES Ltd. 
OFFER THEIR AIRCRAFT FOR ALL 
CHARTER SERVICES 


e 
96 Piccadilly, London, W.1 

Telephone: — 5495-6 
and Luton Airport, Bed: 





Shearing and Rolling. Cap. 8 ft x 4 in. 
Sheet Metal Fabrication and Welded 
Assembly. Steel Moulds for Pre-cast 
Concrete Units. 


J. & A. DANDRIDGE LTD., 


7 Creekside, London, S.E.8. 
TIDeway 1451 











ALUMINIUM DESIGN 
and fabrication service available 
for all types welded and other light 
alloy structures and components 
ALPHAMIN LTD. 
4 Dunston Street, Kingsland Road, 
London, E.8. Tel.: CLIssold 4161 





PROTECTION BY DAY AND 
WHILE YOU SLEEP 


& 
GERrard 4088 
* 
Security & Protection Services 


3 Lower John Street, Golden Square, 
London, W.1 

















R. & J. PARK LTD 
Dominion Works, Chiswick 
England 


7 

Export packers, shippers and for- 

warding agents. Specialists in 
packing heavy machinery 














Telephone : LU: TON 4911 





PRECISION ENGRAVING of Instrument 
Panels, Dials, Scales, Nameplates, Labels, 
etc. Plastic Components, ‘‘Perspex’’, fabri- 
cations. Stockists of ‘*Perspex’’, Acetate, 
Traffolyte, etc. Speedy deliveries on long or 
short runs. A.R.B. and A.I.D. approved. 


LEICESTER ENGRAVERS (PLASTICS), 
LTD. - 


60 Edwyn Street, Leicester. Phone 58375 





Higher Tensile Steel Chain Slings and 
special Lifting a of every 
description D approved 


T. SMITH & CLARKE LTD., 
Chain Manufacturers, 
Port Tennant, Swansea 
Telephone No. 53106 (4 lines) 














Cc. W. rr & SON LTD., 


fo 
ALL DRAWING OFFICE SERVICES, 
PROCESSES, MATERIALS AND 
EQUIPMENT 


* 
WINDMILL ROAD, BRENTFORD 
MIDDLESEX 
Telephone : ISLeworth 4433 (4 lines) 














SHEET METAL WORK 
All Materials - Skilled Work 
MABBOTT & CO. LTD. 


EST. 1901 
SHEET METAL DIVISION 
Phoenix Works, Poland Street. 





Manchester, 4. | Collyhurst 1773 


PRACTITIONERS IN THE ART OF 
SCALE MODELS AND PATTERNS 
All types of scale models. 
Quality — Delivery — Service 
Contractors to the U.K.A.E.A. 


*s 
MASTERMODELS LTD. 
Greenhill Crescent, Harrow, Middx. 
Telephone: HARrow 2428 














CHROMIUM DIFFUSION 
of mild steel, alloyed steel, and cast 
iron for heat, corrosion, and abrasion 
resistance 
& 
METAL DIFFUSIONS LIMITED 
Worton Works, 292 Worton Road, 
Isleworth, Middlesex ISL 7081/2 

















INDUSTRIAL SAFETY 
EQUIPMENT EXPERTS 
o 
PYRENE-PANORAMA LTD. 
Windmill Road, Brentford, Middlesex 
Telephone: ISLeworth 6123 





All Controlled Atmosphere 
HEAT TREATMENTS 


e 
Heat Treatment and Brazing 
o. Ltd., 
HERSHAM TRADING ESTATE, 
HERSHAM, SURREY 
Telephone: Walton-on-Thames 20576 














A. W. ELLIOTT (Steeplejacks) 
& Co. Ltd. 


34 Nuthall Road, Nottingham 
Nottingham 77195 


Lightning Conductor Specialists 


Chimney Maintenance, Church Restoration, 
Industrial Painting, Decorating. 











PERSPECTIVE AND SECTION 
DRAWING 


In colour, line and monochrome 
Complete technical booklets undertaken 
HILTON AND KAY LIMITED 
4 Water Street, Manchester 3 
*phone Blackfriars 0402. Est. 30 years 
High quality Low costs 


FIRE PROTECTION 
Consult EXTINGUERE Co. Ltd., 
suppliers of fire fighting equipment 
to Chapelcross and Hinkley Point. 

* 


88 Richmond Road, London, E.8 
CLIssold 4423/4 














Specialists in the analytical and mech- 
anical testing of all metallic materials. 
Approved by D.G.I., Air Registration 
Board, see : of. _ and 


Lloy 
ACLOGUE (Metallurgists) Ltd., 
28 Victoria Street, London, S.W.1 
ABBey 1481 
Test House, Garth Road, Lower Morden, 
Surrey. DERwent 6252 














X-RADIOGRAPHY 
of welds and castings offered up to 14” 
thickness, also high vacuum test facilities. 
IMMEDIATE SERVICE 
THOS. RYDER & CO. MANCHESTER 
LTD., 
COMMERCIAL STREET WORKS, 
KNOTT MILL, MANCHESTER 15 
Central 6753 














THAMES VALLEY PATTERN 
WORKS LIMITED, 
ELMTREE ROAD, TEDDINGTON 
Phone: TED 1141/2 

ENGINEERS’ PATTERNS 
MODEL MAKING 
UMENT CASES 








NSTR 
iq PERSPEX MODELS & MOULDS 








PROTOTYPES 
Design and construction 
of 
Special Machinery 


RESEARCH 
ENGINEERS LTD. 


Northampton Grove, Canonbury, 
London, N.1 
CANonbury 4244 


Telegraphic Address :— 
Wilmaket, London, N.1 





JIG BORING AND TOOLMAKING 


Jig Boring to the Trade on Societe 
Genevoise Machine. Also Toolmaking, 
Press Tools, Jigs and Fixtures, etc. 


TOOLING (WOODFORD) LTD., 
Supra House, Roding Lane North, 
Woodford Bridge, Essex. 
BUCkhurst 8648 








Electrical windings on production 
basis, F.H.P, armatures, stators, trans- 
formers, resistance tubes, Solenoid 
coils, chokes, etc. 

Immediate attention to all enquiries 


KENSAL ELECTRICS LTD 
151 Kensal Road, London, W10 
LAD 4530 
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JIG BORING SERVICE 
PRESS TOOLS, JIGS, FIXTURES 
AND MOULDS 


REEDWAY TOOL CO., 
65, HIGH STREET, HAMPTON 
HILL, MIDDLESEX 
MOLesey 4582 
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STAINLESS TUBES & FLANGES 


We offer in approved grades of Stainless Steel 


FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 

ROUND and HEXAGON BAR 

PROFILES CUT TO ANY THICKNESS OR SIZE 

CASTINGS TO CUSTOMERS SPECIFICATION 


Keen Prices — Prompt Delivery 


> Ot OF 


Send enquiries to Dept. N.P. 
STAINLESS STEEL PROFILE CUTTERS LTD. 
Farfac Works, Kings Grove, MAIDENHEAD. ’ phone 1522/23. 
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Albright & Wilson (Mfg.) Ltd. 
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American Machine & Foundry 
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partnership has been established 





between The Nuclear Power Plant Company 


Limited and AEI—John Thompson 


Nuclear Energy Company Limited 


to design and construct better and cheaper 


nuclear power stations 


This new enterprise is called 


rhe 
Nuclear 
Power 
Group 


and combines the research development, 
manufacturing and construction resources 
of these industrial concerns of 


world-wide renown. 


RADBROKE HALL +: KNUTSFORD - 
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CHESHIRE 


ASSOCIATED ELECTRICAL INDUSTRIES 
LIMITED 


CLARKE, CHAPMAN AND 
COMPANY LIMITED 


ALEX. FINDLAY AND COMPANY 
LIMITED 


HEAD, WRIGHTSON AND 
COMPANY LIMITED 


SIR ROBERT McALPINE AND SONS 
LIMITED 


C. A. PARSONS AND COMPANY LIMITED 


A. REYROLLE AND COMPANY LIMITED 


STRACHAN AND HENSHAW LIMITED 


JOHN THOMPSON LIMITED 


WHESSOE LIMITED 
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Nuclear Power 
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Another JOHN THOMPSON development! 
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FOR HIGH PRESSURES USED IN 
CHEMICAL & PETROLEUM PLANT 


j= 


LAYERS OF THIN PLATE 





Cylindrical vessels can be made as large as you like 


» Pressures of 5000 psi and higher 


Ease of fabrication permits wide range of shapes 
No very thick cylindrical shells to be welded 


Bi 


This John Thompson development gives a new freedom 
to designers; a relatively thin inner cylindrical shell is 
reinforced by multilayers of thin plate surrounding the 
cylindrical section of the vessel. These layers carry both 
the hoop stresses and the longitudinal stresses. The ends 
are hemispherical or dished as required. 

In this way the difficulties inherent in designing and 
fabricating cylindrical shells in very thick plate are over- 
come and it is not necessary to have recourse to expensive 


alternative spherical designs. 


Relatively thin shells give important ductile qualities 


The techniques of this method of fabricating have been 
fuily worked out by John Thompson and open up 
entirely new possibilities for the economical construction 
of very large high-pressure vessels for chemical and 
nuclear projects. The method also offers freedom in 
design for vessels not of the largest size but needing to 


operate at very high pressures. 


JOHN THOMPSON (WOLVERHAMPTON) LTD ‘ WOLVERHAMPTON 














